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PREFACE. 


At the close of the present volume several discussions will 
be round, which, having been formally presented at the Atlantic 
(liiy IMeeting, February, 1898, strictly belong to the succeeding 
volume, but arc included here in order not to separate them 
too iiir from other papers and discussions on the subjects of 
whi(ili they treat. 

The ex(‘-ellent portrait of Mr. J. F. Holloway, introduced as 
a froutispiec-e to this volume, should have accompanied the 

niograplfuTil hTotice of Mr. Holloway in Vol. XXVI. 

E. W. E. 

July, 1808. 
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form the ultimate and deliberate expression of the author’s views. 
It should he added, however, that in the majority of cases there is 
no important change.) These volumes are for sale as follows, in 
paper covers : 
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RULES 


ADOPTED MAY, 1873. AMENDED MAY, 1875, 1877, AND 1878, FEBRUARY, 1880, 1881, 

1887, 1890, AND 1896. 


I. 

OBJECTS. 

The objects of the American Institute of Mining Engineers are to promote 
the arts and sciences connected with the economical production of the useful min- 
erals and metals, and the welfare of those employed in these industries, by means 
of meetings for social intercourse, and the reading and discussion of pi'ofessional 
papers, and to circulate, by means of publications among its members and asso- 
ciates, the information thus obtained. 


II. 

MEMBERSHIP. 

The Institute shall consist of Members, Honorary Members, and AssociatOH. 
Members and hlonorary Members sball be professional mining engineers, geolo- 
gists, metallurgists, or cliemists, or persons practically engaged in mining, metal- 
lurgy, or metallurgical engineering. Associates shall include all suitable persons 
desirous of being connected with the Institute, and duly elected as liereinafter 
provided. Each person desirous of becoming a member or associate sluill be pro- 
posed by at least tliree members or associates, approved by the Council, and 
elected by ballot at a regular meeting (or by ballot at any time conducted through 
the mail, as the Council may presexabe) upon receiving three-fourths of the votes 
cast, and shall become a member or associate on the payment of h is first dues. I^aeh 
person proposed as an honorary member shall be recommended by at least ten 
members or associates, approved by the Council, and elected by ballot at a regular 
meeting (or by ballot at anytime conducted through the mail, as the (Council 
may prescribe) on receiving nine-tenths of the votes oast j Pmdded^ that the 
number of honorary members shall not exceed twenty. Tlic Council may at any 
time change the classification of a person elected as associate, so as to make him 
a member, or vice verm, subject to the approval of the Institute. All membtu'S 
and associates shall be ecpially entitled to the privileges of membership ; Provided, 
that honorary members shall not be entitled to vote, and members or usHocuai.es 
whose post-office address shall be outside of the United States, Canada and Mexico 
shall not be entitled to vote by mail, except upon proposed amcmlmeuts to the 
Rules. 
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Xlll 


Any member or associate may be stricken from the list on recommendation of 
the Councilj by the vote of three-fourths of the members and associates present at 
any annual meeting, due notice having been mailed in writing by the Secretary 
to the said member or associate. 


IIL 

DUES. 

Tlie dues of members and associates shall be ten dollars, payable upon their 
election, and ten dollars per annum thereafter, payable in advance on the first day 
of each calendar year. Honorary members shall not be liable to dues. Any 
member or associate not in arrears may become by the payment of one hundred 
dollars at one time a life-member or associate, and shall not be liable thereafter 
to annual dues. Any member or associate in arrears may, at the discretion of the 
Council, be deprived of tlie receixA of publications, or stricken from the list of 
members when in arrears for one year ; Provided^ that he may be restored to mem- 
bership by the Council on payment of all arrears, or by re-election after an interval 
of three years. 


IV. 

OFFICERS. 

" The a flairs of the Institute shall be managed by a Council, consisting of a Presi- 
dent, SIX Vice-Presidents, nine Managers, a Secretary and a Treasurer, who shall 
be elected from among the members and associates of the Institute at the annual 
meetings, to hold ollice as follows : 

The President, the Secretary, and the Treasurer for one year (and no person 
shall he eligible for immediate re-election as President who shall have held that 
ofliee Hul)He(iiient to the adoption of these rules, for two consecutive years), the 
Vi(*e-PreHidenls for two years, and the Managers for three years,* and no Vice- 
President or JNIanager shall be eligible for immediate re-election to the same office 
at the expiration of the term for which he was elected. At each annual meeting 
a President, three Nhee-Presidents, three Managers, a Secretary, and a Treasurer 
shall he eleeh'd, and the term of office shall continue until the adjournment of the 
meeting at which their successors are elected. 

The duties of all otlicers shall he such as usually xieitain to their offices, or 
may be dedegated to them by the Council or the Institute ; and the Council may 
in its <liser(‘tion require bonds to be given by the Treasurer At each annual 
meeting the Council shall make a rexmrt of ju'occediags to the Institute, together 
with a linniu'ial statement, 

\hicaiK‘ies in the Council may occur liy death or resignation ; or the Council 
may, by a vott‘ of the majority of all its inemhers, declare the place of .any officer 
vacant, on his failure for one year, from inability or otherwise, to attend the 
( 'ouneil nu'ctings or perform tlie duties of his office. All vacancies shall be filled 
by the appointment of the Council, and any jicrson so appointed shall hold office 
for the remainder of the term for which his predecessor was elected or apxiointed ; 
Prat'ldnl^ that the said appointment shall not render him inoligildc at the next 
annual meeting. 

Five members of the Council shall constitute a quorum ; hut the Council may 
appoint an Executive Committee, or business may he transacted at a regularly 
ealknl meeting of the Council, at which loss than a quorum is present, subject to 
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the approval of a majority of the Council, subsequently given in writing to the 
Secretary, and recorded by him with the minutes. 

V. 

ELECTIONS. 

The annual election shall be conducted as follows : Nominations may be sent 
in writing to the Secretary, accompanied with the names of the proposers, at anv 
time not less than thirty days before the annual meeting ; and the Secretary shall, 
not less than two weeks before the said meeting, mail to every member or asso- 
ciate (except lionorary members) a list of ail the nominations for each office so 
received, together with a copy of this rule, and the names of the persons ineligible 
for election to each office ; and if the Council, or a Committee theieof, appointed 
for the purpose, shall have recommended any nominations, such recommendation 
may also he sent to members and associates with the said list of all nominations 
made, but not upon the same paper. And each member or associate, (pTalilied to 
vote, may vote, either by striking from or adding to the names of the said list, leav- 
ing names not exceeding in number the officers to be elected, or by preparing a 
new list, signing said altered or prepared ballot with his name, and either mail- 
ing it to the Secretary or presenting it in person at the annual meeting ; Provided ^ 
that no member or associate in arrears since the last annual meeting shall he 
allowed to vote until the said arrears shall have been paid. The ballots shall be 
received and examined by three Scrutineers, appointed at the annual meeting by 
the presiding officer ; and the persons who shall have received the gieatcst num- 
ber of votes for the several offices shall be declared e’ected, and the Scrutineers 
shall so report to the piresiding officer. The ballots shall ])c destroyed, and a list 
of the elected officeis, certified by the Scrutineers, shall be j) reserved by the 
Secretary. 

VI. 


MEETINGS. 

The annual meeting of the Institute shall take place on the third Tne.sday of 
February, at which a report of the proceedings of the Institute and an abstract of 
the accounts shall be furnished by the Council. Other meetings shall he held in 
each year, at such times and places as the Council shall select, and notice of all 
meetings shall he given by mail, or otherwise, to all members and associates, at 
least twenty days in advance. 

Every question which shall come before any meeting of the Institute, shall 1)0 
decided, unless otherwise provided by these Kules, by the votes of a majority of 
the members then present. Any member or associate may introduce a, stranger 
to any meeting; but the latter shall not take part in the proceedings without the 
consent of the meeting. 


VIT. 

PAPERS AND PUBLICATIONS. 

The Council shall have power to decide on the propriety of e(nnmttnt(*!iting to 
the Institute any pmpers which may be received, and they shall be at liberty, when 
they think it desirable, to direct tl)at any paper rea<I before tbe Instittlte shall 
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he printed in the Transaciions, Intimation, when practical, shall be given, at 
each general meeting, of the subject of the paper or papers to be read, and of the 
qiiest'ons for discussion at the next meeting. The leading of papers shall not be 
delayed beyond such hour as the presiding officer shall think proper ; and the 
election of members or other business may be adjourned by the presiding officer, 
to permit the reading and discussion of papers. The published papers and vol- 
umes of Transactions shall he distributed to all members and associates not in 
an ears, and may be sold to the public upon such conditions as the Council shall 
prescribe ; but the Council may, in its disci etion, omit sending to members and 
associates outside of the United States, Canada and Mexico, special circulars, 
unless the same contain proposed amendments to the Eules. 

The copyright of all papers communicated to, and accepted by, the Institute, 
shall be vested in it, unless otherwise agreed between the Council and the author. 
The author of each paper read before the Institute shall be entitled to twelve 
copies, if printed, for his own use, and shall have the right to order any number 
of copies at the cost of paper and printing, provided said copies are not intended 
for sale. Tiie Institute is not, as a body, responsible for the statements of fact or 
opinion advanced in papers or discussions at its meetings, and it is understood 
that papers and discussions should not include matters relating to politics or 
purely to trade ; nor shall the Council or the Institute officially approve or dis- 
approve any technical or scientific opinion or any proposed enterprise outside the 
management of the meetings, discussions and publications of the Institute, as pro- 
vided in these Eules ; Provided^ however, that committees may be appointed by 
the Councilor the Institute to make investigations and submit reports at meetings 
of the Institute ; but no action shall be taken binding the Institute for or against 
the conclusions of any such reports. 


VIII. 

AMENDMENTS. 

These Eules may be amended at any annual meeting by a two-thirds vote of the 
members present ; ProridocI^ tliat written notice of the proposed amendment shall 
liave been given at a previous meeting ; and Provided^ also, that the amendment or 
amendments so adopted shall be printed upon a ballot and sent, not later than the 
next distrilmtion of printed matter, to all members and associates not in arrears 
for the ])receding year (except honorary members and foreign members elected 
]H‘fore l^Vlirmiry, 1880), and each person receiving the same shall be requested to 
return it to the Secretary with bis written vote of Yes or No to each amendment, 
and his signature ; and the President shall appoint as Scrutineers three members 
or associates, who shall examine all of the said ballots which shall have been re- 
turned within one month from the date of their distribution, and shall report the 
roMilt ; and the Secretary shall publish and distribute to members, not later than 
next (lislribution of printed matter, an announcement of the said result so re- 
ported, tog'etlier with the text of the additional or amended rule or rules so 
adopie<l ; and the amendment or amendments approved by the majority of the 
balli ivS so returned and reported shall become part of these Eules from and after the 
publication of said announcement by the Secretary. 




Proceedings of the Seventy-Second (Twenty-Seventh 
Annual) Meeting, Chicago, 111 ., February, 1897. 

General Committee. 

Robert W. Hunt, Chairman ; James F. hewis, Secretary ; Arthur V. Abbott, 
Samuel L Brown, George B. Bartlett, J C. Bartlett, Alfred S. Bertolet, Charles 
E Billin, Thomas S. Blair, Edward E. Brown, M. C. Bullock, Charles S. Burt, 
N. L Burwell, W. S. Calhoun, John S. Cary, William J. Chalmers, O Chanute, 
Howard F. Chappell, Samuel S. Chisholm, Townsend V. Church, F. W. Clarke, 

E. A S Clarke, John Cliff, Walter G. Coolidge, F. K. Copeland, George M 
Davidson, Fred A. Delano, Henry P. Dickinson, Richard D Divine, William D. 
Ewart, Percy L. Fearn, C. H. Ferry, A. W. Fiero, Charles H. Foote, F H. Foote, 
Robert Forsyth, Geoige C. Gardner, James P. Gardner, John W. Gates, F. A. 
Gritzner, E. Lee Heidenreich, Hiero B. Herr, H. L Hollis, L. Holmboe, Will- 
iam Hoskins, C. F. Ho-we, Edward C. Hegelei', Julius W. Hegeler, Edward E. 
Jewell, Frank Julian, John S. Kellogg, F. W. Mattliiessen, Robert J. HcClure, 
C. H. McCullough, Squire H. Macomber, John W. Meier, George Merry weather, 
Charles L Miller, E. Kennard Mitting, Louis Mohr, George S. Morison, Jay C. 
Morse, Prof Milton Moss, Frank Moynau, George P. Nichols, George S. Oliver, 

F. 0. Osgood, JohnC. Parke, H. W. Parkhurst, Orrin B. Peck, Frederick Pelouze, 
Edward W. Penficld, Edward C Potter, F. H Prentiss, F. B. F. Rhodes, Morris 
Sellers, F. J. v. Skiff, H. S. Smith, Michael Smith, General William Sooy Smith, 
John 1. Souther, W. R Stirling, Bertrand 8. Summers, William P. Schwartz, G. 
A. Triihe, Jacob T. Wainwriglit, W. R Walker, J. C. Walker, Reno B. Well- 
man, <k'orgc D. Whitcomb, Jasper Whiting, Bruce Clarke White, Albert H. 
Wolf, Thomas W. Yardley. 

Special Committees. 

Plnance. — Hiero B. Herr, Chairman ; W J. Chalmers, George Merry weather, 
Ijoiiih Mohr, O Chanute, F. K. Copeland, Robert Forsyth, H. S Smith. 

liccepfion. — General William Sooy Smith, Chazrman; John C. Parkes, A. W. 
3^'iero, George S. Morison, M. C. Bullock, Edwaid C Potter, T. W. Yardley. 

Mntcitainmvnti^ and Micmrsioim, — F. J. v. Skiff, Chairman; George M. Davidson, 
Fred A. Delano, W R. Walker, Charles H. Foote, H. M. Parkhurst, George P. 
Nicliols, (Jiarles E. Billin. 

Hatch and lleadqaarten^. — 11. L. Hollis, Chaimnan; William Hoskins, Bertrand 
S. Summei's. 

Hampiet. — Charles E. Billin, Chairman; E. A. S. Clarke, Robert W. Hunt, J. 
F. J.ewis. 

Music . — Charles E. Schauiller. 

Ladies’ Committee. 

% 

Mesdaines William J. Chalmers, Hiero B. Herr, George Merry weather, Louis 
Mohr, O. Chanute, Robert W. Hunt, F, K. Copeland, William Sooy Smith, John 
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C. Parkes, A. W. Piero, H. S. Smith, James F. Lewis, C. Bullock, Edward C. 
Potter, F. J. V. Sldfi, George M. Davidson, AV. B. AAAlker, Charles H. Foote, 
H. W. Parkhurst, George P. Nichols, H L. Hollis, AAdlliam Hoskins, Charles E. 
Billin, E. A. S. Clarke. 

Hotel Headquarters.— Tlve Auditorium, in which also all sessions after the first 
were lield. 


The opening session was held on Tuesday evening, February 
16th, at Kimball Hall, corner of Wabash Avenue aud Jackson 
Street. lilr. Robert W. Hunt, Chairman of the General Re- 
ception Committee, made an address of welcome, which ivas 
responded to by President Spilsbury. 

Mr. James F. Leivis, Secretary of the General Reception 
Committee, presented cordial offers of hospitality from the 
Western Society of Engineers, the Armour Institute of Tech- 
nology, the University of Chicago, the Chicago Academy of 
Sciences and the Art Institute. 

The President announced the appointment of Messrs. 11. P. 
Bellinger, James W. Abbott and W. J. Taylor, as Scrutineers, 
to examine the ballots received for officers and report the re- 
sult at a later session. 

In the absence of the author, the Secretary read a Biograph- 
ical Hotice of Joseph D. Weeks, by A. E. Hunt, Pittsburgh, Jhu 

The following paper was read by the author : 

Biographical Notice of Alexander Trippel, by R. W. Ray- 
mond, New" Yoi’k City. 

The Seci’etary mentioned the recent death oJ’Mr. George W. 
Goetz, and announced a Biographical Notice, to bo jniblished 
hereafter, by Nelson P. Hulst, Milwaukee, Win., and S. T. 
Wellman, Cleveland, 0. 

The following paper was read and illustrated with numerous 
lauteru-view"s : 

The Chicago Main Drainage Channel, by James F. Le^vis, 
Chicago, 111. 

The second session was held Wednesday morning, February 
17th, in the Auditorium Hotel, President Spilsbury in the 
chair. The following papers were read and discussed : 

The Calorific Value of Certain Coals as Determined by the 
Mahler Calorimeter, by N. W. Lord and F. Haas, Cohunbus, 
0. Read by Professor Lord. 
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Notes oil tlie Determiiiatioii of Insoluble Pliosplioriis in Iron 
Oics, liy Charles T, Mixer and Howard HuBois, Pliiladel- 
pkia, Pa. Read by the Secretary in tlie absence of the authors. 

The Quality of the Boiler-Water Supply of a Portion of 
Northern Illinois, by J. A. Carney, Aurora, III. Bead by 
tho author. 

The following paper was read by the author, and illustrated 
with lantern-views. 

Methods of Iron-Mining in Northern Minnesota, by Prof. F. 
W. Denton, Minneapolis, Minn. 


The third session was held Wednesday afternoon at the 
Auditorium Hotel, President Spilsbury in the chair. The fol- 
lowing paper was read and discussed: 

The Handling of Material at the Blast-Furnace, by Axel 
Sahlin, Sparrow’s Point, Md. 

Mr. R. W. Hunt, Chicago, 111., read a Brief Note on Rail 
Speciti(!ations, 

The <liscussioii of Mr. Sanveur’s paper (Colorado meeting) 
on '^The Microstriicture of Steel and Current Theories of 
Hardening” was then begun, and the Secretary presented nn- 
ruerous coutril)utions in print and manuscript, which were fol- 
lowc3(l l)y others from members present. 


The fourth and final session was held Thursday morning, 
February 18th, in the Auditorium Hotel, President Spilsbury 
in llu‘, (ihair. The following papers and contributions were 
ileal by the Secretary in the absence of the authors: 

The Distribution of the Precious Metals and Impurities in 
Copper, a.n(l Suggestions for a Rational Mode of Sampling, by 
Edward Keller, Baltimore, Md. 

Sulphur in Embrcville Pig-Iron, by Guy R. Johnson, Em- 
br(‘vill<‘, 'Tiuin. 

Discussion of Professor Christy’s paper on the Solution and 
Dr<‘ci])ita4ion of the Cyanide of Gold, by Alfred James, Glas- 
gow, Scolbind, E. B. Wilson, Salem, Va., and others. 

Tlu‘ Ilainl-Auger an<l irand-Drill in Prospecting-Work, by 
Cluirles (^.alKdt, Staunton, Va. 

B 



XX 


PROCEEDINGS OF CHICAGO MEETING. 


The Spitzkasten and Settling-Tank, by E. H. Eicliards and 
C. E. Locke, Boston, Mass. 

The Manganese-Deposits of the Department of Panama, Ee- 
public of Colombia, by E. J. Ghibas, 'New York City. 

The Precipitation of Gold by Zinc-Thread from Dilute 
and Foul Cyanide Solutions, by Alfred James, Glasgow, Scot- 
land. 

The Geology of the Magnetites near Port Henry, Y. Y., 
and Especially Those of Miiieville, by J. P. Kemp, Yew York 
City. 

The following papers were read by title : 

Sorting Before Sizing, by E. H. Eicliards, Boston, Mass. 

The Genesis of Certain Auriferous Lodes, by Dr. John E. 
Don, Dunedin, Yew Zealand. 

The Cement-Materials of Southwest Arkansas, by J. C. 
Brainier, Stanford University, Cal. 

The Chromite-Deposits on Port an Port Bay, Yewfoundland, 
by G. W. Maynard, Yew York City. 

Yotes on the Yorthern Black Hills of South Dakota, liy Dr. 
Persifor Frazer, Philadelphia, Pa. 

A Decimal Gauge for Wire and Sheet-Iron, l)eing an Abstract 
of the Eeport of Mr. Albert Ladd Colby to the Association of 
American Steel Manufacturers, by E. W. Eaymond, Yew York 
City. 

The Scrutineers reported the following persons to have been 
elected as officers of the Institute : 


PBESIDENT. 

Thomas M. Dkown, South Bethlehem, Pa. 


VICE-PMESIDENTS. 

(To serve two years.) 

D. W. Brukton, Aspen, Colo. 

W. E. C. Eustis, Boston, Mass. 

James Douglas, ..... Now York City. 


MANAGERS. 

(To serve three years.) 

C W. Good ALE, Butte, Mont. 

Frauk Lymait, Brooklyn, N. Y. 

Frank MoM. Stanton, .... Houghton, Mich. 
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TUEASUREB, 

Theodobe D. Raxd, Philadelphia, Pa. 

SECRETARY, 

Eossiteb W. Raymond, . . . . New York City. 

The annual report of the Council was presented, as follows : 


Annual Report of the Council. 

In accordance with the rules the Council makes the follow- 
ing report to the Institute : 

The Jfiuancial statement of the Secretary and Treasurer shows 
receipts from all sources for the eleven months ending December 
31st (including |517G.62 on hand at the beginning of the year) 
of $32,411.27, and expenditures of $23,689.51, leaving a surplus 
of $8721.76, being a gain uf)oii the surplus of Februaiy 1, 1896, 
of $3545.15. In addition to this, the Treasurer holds United 
States bonds of the par value of $2900 and a special deposit of 
$4598, proceeds of United States bonds called in and paid by 
the government, which fund has not been permanently rein- 
vested. The detailed statement of receipts and expenditures 


is as follows : 

Receipts. 

Rjiljince from statement, February 1, 1896, . . |5,176 62 

Annual dues, 120,903 13 

Life-memberships, 2,176 74 

of Tramactmis^ 1,760 78 

Sale of publications, 1,945 75 

Klectrotypes, 17 10 

Interest on United States bonds and deposits, . 431 15 

$27,234 65 


Disbursements. 


$32,411 27 


Printing volume xxv. Tranmctions, . . . $2,902 17 

pamphlet edition of papers, . . . 3,140 05 

mailing list, 120 00 

circulars and ballots, .... 215 93 

Binding volume xxv. and miscellaneous volumes 

of TritmdctioHHj ..... 1,488 97 

“ exchanges, 241 24 

Kngnwing and elecirotyping, .... 1,032 00 

Postage, including poHt-oirice box-rent, . . 682 14 

Stationery, 209 71 

(nine months), 600 00 

Lxpr(‘ssan(l freight charges, 2,038 70 


(Carried forward, 


. $12,670 91 
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Bronglit forward, $12,670 91 

Telephone, ........ 91 25 

Telegrams, cablegrams and car fare, . . . 18 14 

Coal, ice and gas, ....... 45 65 

Salaries, including clerks, stenographers and ex- 
penses of editing, and proof-reading, . . . 9,694 50 

Storage of Transactions^ ] 00 92 

Special stenographers and expenses of meetings, . 714 78 

Office supplies and repairs, ..... 283 95 

Insurance, 59 40 

Miscellaneous, 10 01 


Balance, 


$23,689 51 
8,721 76 


$32,411 27 


Tlie surplus now on liand will enable the Council to increase 
its reserved fund to an amount equivalent to $100 for each 
living life-member ; and investments sufficient for this purpose 
have been authorized. 

Two meetings were held during the year, the annual meeting 
in February at Pittsburgh and a Colorado meeting in Scptemher. 
Accounts of these meetings have been already received by mem- 
bers in the form of the printed “Proceedings,” wliich fnrnisli 
abundant evidence of their successful and enjoyable character. 

Changes in membership have taken place during the yc^ar as 
follows : 168 members and 17 associates have been elected ; 12 
associates have become members; the deaths of 1 honorary 
member, 36 members and 1 associate have been reported; 36 
members and 7 associates have resigned; and 93 members and 
6 associates have been dropped for continued default in the 
payment of dues. These changes are tabulated as follows, 
showing a net gain of 5 in total meinhership, whieh is largely 
increased by the number of applications already approved for 
election at the annual meeting now pending : 



H. M. 

F. M, 

M. 

A. 

Totals. 

At date of last report 

(xainw ; Bv election 

13 

38 

2188 

168 

12 

36 

93 

173 

17 

2412 

185 

12 

43 

99 

12 

38 
197 
192 
> 2417 

cbfinge of shitns. 



T.osses : By resignation 



7 

6 

12 

1 

17 

26 

104 

dropping 



change of status 



death 

Totnl gains 

i 


30 

180 

166 

2203 

Total losses 

i 

12 


Present membership 

38 
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The list of deaths comprises the names of A. Daubree, hon- 
orary member, and the following members and associates: 
Matthew Addy (1884), R. B. Allen (1894), Maurice Chaper 
(1879), C. Jefferson Clark (1890), H. E. Collins (1876), Walter 
Crafts (1871), W. P. Darling (1891), E. T. Dodson (1892), C. 
W. G. Perris, Jr. (1887), G. E, Fulton (1891), AV. H. Purlonge 
(1888), W. C. Hadley (1883), Wm. Hainsworth (1888), Hakon 
Hammer (1889), Thos, Hodgson (1885), J. F. Holloway (1875), 
G, F. Hosking (1891), Thomas Howard (1886), Wm. E. Loaiie 
(1891), C. W. Marsh (1887), Chas. H. Miller (1892), L Pv. 
Moister (1891), FTorman J, Nichols (1893), Wm. E. Patterson 
(1888), J, W. Plummer (1880), K W. Pratt (1886), Alfred 
liiekard (1884), Ecuben Rickard (1884), Thomas Seddon (1888), 
C. 0. Shields (1888), J. M. Silliinan (1871), C. A. Stetefeldt 
(1881), A. Trippel (1883), Herman A^eeder (1880), Joseph D. 
Weeks (1875), Thomas D. Whitaker (1892), and John A. 
Wilson (1876). 

Of the ahovo list, the names of Daubree, Weeks, Stetefeldt, 
Holloway and Tkippel have been, or will be, appropriately cele- 
])ratcd in special Biographical Notices in the Transaetions. 

Justus M. Silliinan, for twenty-five years Professor of Mining 
Engineering and Graphics at Lafayette College, was one of the 
(‘urliest and most highly esteemed members of the Institute, 
which he joined in 1871, the first year of its existence. He had 
cont ributed to the TnmsactionB following valuable papers : 

Instruments for Projection-Drawing ” (Tmns., x., 261) ; The 
Kai-Ping Coal-Mine, North China’’ (Trems., x,, xvi., 95); “A 
Water-Manometer and Anemometer” (^Trans., xvii., 66). 

Another veteran member was Mr. Walter Crafts (1871), with 
whos<^ adinirahlo personal character and professional ability in 
bis spe(*ial field of the charcoal-iron manufacture many of us 
were familiar, 

Mr. W. IT. Furlonge, though, residing in another hemi- 
splunn^, 1 k‘ never attended a meeting of the Institute, will be re- 
nunnl)(‘red as the author of an interesting paper, Notes on 
tln^ (ieology of the Delvaap Gold-Fields in the Transvaal” 
(7 Vg//.s‘., xviii., 334). 

Mc‘ssrs. AllVc^d and Reuben Rickard and J. W. Plummer 
wer(‘ tniiU‘-nnuiagerH of acknowledged eminence. 

The Council has received the following communication: 
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South Bethlehfm, Pa. 

At the meeting of the Association of American Steel Manufacturers held in New 
York on October 23, 1895, the following resolutions were passed : 

1 . Resolved, That we, the Association of American Steel Manufacturers, endorse 
the Decimal System as the proper standard for measuring all materials. 

2. Resolved, Tliat the Secretary be requested to forward a complete copy of the 
Committee’s report, together with a copy of these resolutions, to the Secretaries of 
the American Institute of Mining Engineers, the American Society of Civil Engi- 
neers, the American Society of Mechanical Engineers, and the American Railway 
Master Mechanics’ Association, as an evidence of the appreciation of the ^\ork ac- 
complished by these societies towards the establishment of the Decimal System of 
Gauging, and as a proof of the hearty co-operation of this Association in this 
movement. 

In the absence of the Secretary, the 'writer was made Secretary pro tern., and 
encloses a copy of the Committee’s report on Gauges, in accordance with the above 
resolutions. As an evidence that this endorsement of the Decimal System of 
Gauging carries considerable weight, the following list of members of the Asso- 
ciation is quoted : 


The Bethlehem Iron Co. 
Cambria Iron Co. 

Carbon Steel Co. 

The Carnegie Steel Co., Ltd. 
Catasauqua Mfg. Co. 

Central Iron Works. 
Cleveland Rolling Mill Co. 
Colorado Fuel Iron Co. 
Glasgow Iron Co. 

Illinois Steel Co. 

Jones & Laughlins, Ltd. 
Lukens Iron & Steel Co. 


Otis Steel Co., Ltd 
Pacific Rolling Mill Co. 
Paxton Rolling Mills. 
Park Bros & Co. 

Passaic Rolling Mill Co. 
Pennsylvania Steel Co. 
Pottstown lion Co. 
Pottsville Iron & Steel Co. 
Reading Rolling Mill Co. 
Schoenberger Steel (Jo. 
Spang Steel dc Iron Cb. 
Woith Brothers. 


Please acknowledge the receipt of this communication, and also bring thi‘ reso- 
lutions passed by our Association to the attention of the members of your Society 
at their next regular meeting. 

Youi-s truly, 

Albert Ladd Colby, 

Sccrekirp pro fern, A. A, N. Jf. 


The report to which reference is made in tlie a1)()ve com- 
munication will be presented to the Institute in subsian(*(% in a 
paper prepared, at the request of the Council, by the Setu'etary. 
Under Rule VIL, as lately amended, neither the Council nor 
the Institute can take formal action for or against any ])ro- 
posed improvement of this kind; hut it is deemed both per- 
missible and advisable to lay before the Institute, for the in- 
formation of its members, proposals, arguments and facts of 
professional importance. 
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President E. G. Spilsbury then delivered the Presidential 
Address on Recent Progress in Mining and Mctallnrgy. 

Aft,er the adoption of the usual resolution instructing the 
Secretary to make suitable acknowledgment of courtesies re- 
ceived, the meeting was adjourned. 

Members and Associates Elected. 

The following persons were made members or associates by 
election during the sessions of the meeting: 


Members. 


Henry Bnien Alexander, . 

. Sandon, British Columbia. 

Edward P. Arthur, Jr., 

. Cripple Creek, Colo. 

Georp^e Percy Ashmore, . 

. Caylloma, Peru. 

W. M. Ayers, . 

. South Hanover, Mass. 

C. E. Bailey, . 

. Virginia, Minn. 

PVoderick P Bayles, . 

. Sopris, Colo. 

William Beals, Jr , . 

. Boston, Mass. 

James S. de Benneville, 

. Philadelphia, Pa. 

Frank A. Blakeslee, . 

. De Lamar, Nev. 

(loll ins P. Bliss,. 

. New York City. 

Kufus Buck, 

. Rossland, British Columbia. 

Frederick Peck Burrall, . 

. Custer City, So. Dakota. 

Joseph Campbell, 

. London, England. 

Kohert Cliapman, 

. Washington, D. C. 

Thomas K. Clode, 

. San Fiancisco, Cal. 

Luis G. (Alevas, 

. San ipuis Potosi, Mexico. 

Thomas N. Davey, . 

. ( arthage, Mo. 

(L'orge Lawrence Davison, 

. South Chicago, 111. 

dolm C, Dickey, 

. Central City, Colo. 

dames Arthur Dig.j?les, 

, Angels Camp, Cal. 

.lames M. Dikemaii, . 

. Berkeley, Cal. 

William B. A. Dingwall, . 

. Matehuala, Mexico. 

Albert Doerr, . 

. Freiberg, Germany. 

Patrick J. Donohue, . 

. Bobinson, Utah. 

T. C. DuPont, . 

. Johnstown, Pa 

T'homas Inglehy Dyson, 

. Kockhainpton, (Queensland, Aust, 

J ohu W. Gates, . 

. Chicago, 111. 

IhMuk Haas, 

. Columbus, 0. 

K,. John Ihirvey, 

. Jobannesbiirg, So. African Bep. 

Edwin Chapin Holden, 

. New York City. 

IjOuih I). Huntoon, . 

. Paterson, N. J. 

(diaries Niidiolas Jenks, . 

. Sapphire, N. C. 

Edward Ma(‘.kay Johnson, . 

. Argentine, Kas. 

Thomas H, Kane, 

. Silverton, Colo. 

Edwin UtiyiM' Kimball, 

. Haywards, Cal. 

Edward (1 Koch, 

. New York City. 
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Louis John Krom, 


Waterbury, Conn. 

Frank M. Kurie, 


Victor, Colo. 

Wilbur L. Libbey, . 


North Brookfield, Nova Scotia. 

Frank A. Lilliendahl, 


Zacatecas, Mexico. 

Arthur Llewellyn, 


Oorgaum. South India. 

Le Witt Loomis, 


Detroit, Mich. 

J. McCartney, 


Silverton, Colo. 

Edward J. Mathews, . 


Kaslo, British Columbia. 

John Harrison Means, 


San Francisco, Cal. 

John Miller, 


Julian, Mexico. 

Dean Prescott Mitchell, 


Palo Alto, Cal 

Charles T. Mixer, 

. 

Ishpeming, Mich. 

George Moore, . 


Argentine, Kas. 

Jacob H. Neff, . 


Colfax, Cal. 

George B. Nichols, 


Chicago, 111. 

Edwin Norton, . 


Chicago, 111. 

William Orr, 


Denver, Colo 

E. Oshima, 


Sapporo, Japan. 

Fred. Wilson Paul, . 


Glasgow, Scotland. 

Herbert Gerald Payne, 


West Norwood, England. 

George W Pfeiffer, . 


Philadelph’a, Pa 

A. H. Purdue, . 


Fayetteville, Ark. 

Benjamin Bisley Putnam, 


Victoria British Columbia 

George Anderson Richard, 


Rockhampton, Queensland, Aiist. 

Harry Roberts, , 


Duluth, Miun. 

Charles Edward Rogers, . 


London, England. 

d . W, Sauer, 


Salina, Colo. 

P’erdinand A Schiertz, 


Sinaloa, Mexico. 

Richard C. Shaw, 


Isabella, Cal. 

Henry B Shields, 


Gimrd, Ohio. 

Herbert S. Stark, 


Johannesburg, So. African Rep. 

James M. Stocker, . . , 


Atlanta, Ga. 

Bradley Stoughton, , 


Boston, Mass. 

William Effingham Sutton, 


Monte Cristo, Wash. 

Knox Taylor, . 


Ketch um, Idaho. 

William Willard Taylor, . 


Iron Gate, Va. 

J. Harry Watt, 


Rankin Station, Pa. 

William Lord Watts, 


San Francisco, Cal. 

Charles A. Week, 


Douglas Island, Alaska. 

Charles D. Wilkinson, 


Gaylord, Mont. 

A. D. Wilson, . 


Deadwood, South Dakota, 

Associates. 

Fred. L. Champlain, 


Chicago, 111. 

Samuel L. Chisholm, 


Chicago, 111. 

Myron J. Church, 


Golden, Colo. 

B. I, Drake, 


South Bethlehem, Pa. 

Alexander Forsyth, . 


Cambridge, Mass. 

Rowland F Hill, Jr., 


New York City. 

William Carr Howard, 


Denver, Colo- 
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Fred Jost, 

Julius Kahn, . 

Isaac William Kingsbury, 
D. F. Morgan, . 

Edward E. Koon, 

Harry Tvhrie Poindexter, 
Harold Rickard, 

John Smith Ross, 

Alfred Douglas Sanders, . 
WAlterH. Summers, . 
John Lynne Wharton, 
Bruce Clarke White, . 

G. C. Winslow, Jr., . 


San Francisco, Cal. 
New York City. 
Boston, Mass. 
Minneapolis, Minn. 
Oro Blanco, Ariz. 
Dillon, Mont. 

London, England. 
Lead, So Dakota. 
London, England 
Stone Mountain, Ga. 
Melbourne, Australia. 
Chicago, 111. 

Boston, Mass. 


Associates Made Members. 

William D. Gordon, . . Johannesburg, So. Afric.m Rep. 

Rea E. Maynard, , . . Los Angeles, Cal. 


Excursions and Entertainments. 

On Wednesday evening, February ITtli, a delightful recep- 
tion was given to visiting members and guests of the Insti- 
tute by the Techndca- Club at its handsome rooms, 228 Clark 
Street. 

On Thursday afternoon a special train on the Illinois Cen- 
tral Eailroad conveyed a large party to the Field Columbian 
Museum, which occupies the former Art Building of the Co- 
lumbian Exposition in Jackson Bark. This institution, of 
which Mr. F. J. v. Skiff, a member of the Institute, and for- 
merly Director of the Department of Mines and Mining in the 
Coliimhian Exposition, is the Director, surprised and charmed 
every visitor by the magnificence, extent and interest of its 
varied collections. 

On Thursday evening a subscription dinner was enjoyed in 
tbc Auditorium Hotel. On the same evening a session of the 
Western Society of Engineers was held at the Armour Insti- 
tute, at which a paper was read by Mr. Ralph Modjeski on The 
Rock Island Bridge, and to which members of the Institute 
were invited. 

Friday morning a special train on the Illinois Central Rail- 
road conveyed a party comprising many Chicago friends, as 
well as the visiting members and guests of the Institute, to the 
shops of the said railroad at Burnside. After inspecting these 
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complete and admirable sliops the party was transported to the 
works of the Illinois Steel Company at South Chicago, where, 
after luncheon, the extensive and interesting plant of the com- 
pany was inspected. 

Optional excursions were made upon special invitation to the 
following works and institutions : 

The Art Institute, the Chicago Academy of Sciences, the 
University of Chicago, the Armour Institute, Fraser & Chal- 
mers, the Grates Iron Works, the Crane Elevator Co., Chisholm, 
Boyd & White, and the Western Electric Co. 

It is worthy of note that, in addition to the successful results 
of the excellent arrangements of the Local Committee, their 
happy choice of hotel headquarters, and the cordial co-opera- 
tion of the Illinois Central Eailroad Company, the Illinois Steel 
Company, and other institutions and corporations, the meeting 
and its excursions were favored with the best of weather. 


Members, Associates and Q-uests Eegistered. 

The following persons were registered at hotel headquarters : 


James W. Abbott. 

E. Wilson Anderson. 

D. H. Bacon. 

Lewis K. Bain. 

H. P. Belli n^jer. 
Charles E. Billm. 

E. F. Blown, 

E H. Biilley. 

M. C. Bullock. 

E. D. Campbell. 

J. A. Carney. 

T. V, Church. 

F. W. Clark. 

C, W. Claybourne. 

W. B. Co<?Rwcll. 

F. K. Copeland. 

W. M. Courtis. 
Benedict Crowell. 

Gr. M, Davidson. 

F. W. Denton. 

L. E. Dunham. 

A. D. Edwjmks. 

F. A. Emmertou. 
Austin Farrell. 

A. W. Fiero. 

William Forsyth. 

E. L. Foil car. 


Fred W Gordon. 

G. A. Grubo. 

Ossian Guthrie. 
Charles S. Hall. 

D. G. Hearne 
Eiic Hedburgf. 

Hieio B Herr. 

Henry D Hibbard. 

H. L Hollis. 

W. A. Holt. 

William Hoskins. 
Nelson P. Hnlst. 
Robert W. Hunt. 

W. H. Jacques. 

Guy E Jobnsmi. 
James E .loplini^. 
William Kelley, 

F. Larsson, 

11 W. Lash. 

A. E. Led on x. 

James F. Lewis. 

N. W. Lord. 

R. S. MaePberron. 

F. W. Matth lessen. 
Georj^e Merry weather. 
John W. Misier. 

P. N. Moore, 



PROCEEDINGS OF CHICAGO MEETING. 


NXIX 


George P. Nichols. 
William S Noyes. 

E W. Parker 
John C Parkes. 

G. S. Patterson. 
William H Peirce. 
Fied. Pelouze. 
Edward W. Pen field. 
Jonas J. Pierce 
R W Raymond. 
George S. Rice. 
Robert H Richards. 
T A. Rickard 
J. D. Robeitson. 
Axel Sahlin. 

George S. Scott. 


F. J V Skiff 
Alfred Smedley. 

F. C Smith. 

H. E Smith. 

William Sooy Smith 
E Gybbon Spilsbury 
C. E Stafford. 

Bertrand S. Summers. 
Knox Taylor. 

W. J Taylor. 

Aithur Thacher. 
William H Van Arsdale 
Leonard Waldo. 

Charles H. Wellmau. 

S. T Wellman. 

Albert H. Wolf. 



Proceedings of the Seventy-Third Meeting, Lake Superior, 

July, 1897. 

Committees at Houghton, Mich. 

General: William E. Parnall, Chairman; Brainerd T. Judkins, Secretary. 
Executive: F. McM. Stanton, Chaiiman; Fred Smith, J. H. Rice, G. A, 
Wright, Z. W. Wright. 

TBAXbPORTATloN ; R. G, CoHins, Chairmxin; H. B. Haddock, John C. Shields, 
Joseph Croze, Joseph Hennes, 

Entertainment: Hon. Thomas B. Dunstan, Chaiman; F. McW Stanton, 
Graham Pope, A. D. Edwards, Hon. Wm Harry, Wrn. Veale, James R. Dee, 
W. D. Calverly, B. T. Judkins, R. M. Edwards, A. F. Leopold. 

Reception : Hon. T. B. Dunstan, Chairman; Hon. J. A. Ilubhell, T. L. (Fad- 
bourne, F. G. Coggin, Jr , Jacob Baer, E. D Petit, Edward Ryan, J. H. Hicok, 
Simon Beahan, M. E. Wadsworth, Fred Smith, Ernst B<dlmann, S. B. Harris, R. IT. 
Shields, A. I. Jones, M. Messner, J. S. Dymock, Allen F. Rees, J. L. Hams, Z. 
W, Wright, Joseph Grose, J. R. Dee, W. D. Calverly, H. J. Vivian, E F. Sutton, 
J. H. Wilson, L. L. Hubbard, B. T. Judkins, F. W. Sperr, F. W. McNair, 
Graham Pope, J. R. Cooper, James Moore, W. A. Dunn, A. F. Leopold, W. E. 
Parnall, A. C. Lane, C. A. Marr, C. A. Wright, J. IT. Rice, John C. Sluelds, 
Hon. Wm. Harry, A. E. Seaman, A. J. Scott, T. J. Prince, Joseph Bosch, R. B. 
Goodell, R. G. Collins, Edgar Kidwell, C. F. Moor, J. D. Cuddihy, R. M. Ed- 
wards, F McM. Stanton, 0. W. Robinson, James H Seager, Fred Mackenzie 

F. W. Denton, T. D. Ryan, Dr. J. E. Scallon, II. D. Haddock, Joseph Ilenncs, 
A. D. Edwards, Wm. Veale. 

Committees at Duluth, Minn. 

Institute Local : George D. Swift, Chairman; D. IT. Bacon, W. G.. R^ic, 
W. A. McGonagle, John Mailman, J. U Sebenius, A. J. Trimble, G. L Wood- 
worth, J. D Gilchrist, W. J. Olcott, E. J. Longyear, W. R. Appleby, R. M. 
Bennett, C M. Ca'^e, A. L. Crocker, F. W. Denton, F. F. Sliarpless, Edwin Call, 
IT. V. Wincholl, P. H. Conradson, J. D. Estabrook, W. K. Gibson, Louis Stocdcett, 
E. B. Green, C. E. Bailey. 

Transportation : J. L. Greatsinger, Chainmn; Thomas Owens, J. T. iMe- 
Bride, D. M. Pliilbin, .J. W. Kreitter. 

Citizens' Local : Captnin Alexander McDoiigall, Chairman; Joseph Sell wood, 

G. A.'Leland, 0. D. Kinney, Charles d’Autrcmont, David T. Adams, M. II. 
Alworth, G. IT. Chesehrough, A. D. Thomson, 0. IT. Simonds, T W. Hugo, 
James Sheridan, B. J. Van Vieck, A. M. Miller, A. E. Humphreys, (r. G. Hart- 
ley, H. M. Peyton, A. L. Ordcan, Louis Rouchleau, James T. Hale, Frank J lib- 
bing, E. R. Brace, B. F. Myers. 

Reception Committee for the Iron Ranges. 

W. C. Agnew, Chairman; Robert Angst, John Pengilly, George Walla(H‘, 
A. J. Carlin, R. H. Channing, M. W. Burt, Mowry Bates, John Lawson, J, II. 
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Heardiiig, P. Mitch 11, C M. Boss, H. B. Sturtevant, M. McCarty, Wm. H. 
Knight, E. B Hawkins, J. PI Pearce, Bichard* Webb, C. H. Martz, Jacob Shil- 
ling, John A. Hedfern, Harry Boberts, W. E. Dickinson, G. A. St. Clair, Bichard 
Sell wood. 


Dr, R. W. Raj’mond, Secretary of the Institute, being pre- 
vented by illness from attending this meeting, Mr. Theodore 
Dwight was a])pointed Acting Secretary by the Council. 

The opening session was held at the Armory Theatre, 
Houghton, Mich., on Monday evening, July 12th. In the 
absence of Mr. William E. Parnall, Chairman of the Greneral 
Committee, a cordial welcome was extended to the institute by 
Dr. M. E. Wadsworth to which Vice-President H. S. Chamber- 
lain, presiding in the absence of the President, responded. 

The following papers w^ere read by the authors : 

The Origin and Mode of Occurrence of the Lake Supe- 
rior Copper Deposits, by Dr. M. E. Wadsworth, Houghton, 
Mich. 

The Electrolytic Assay as Applied to Refined Copper, by 
George L. Heath, South Lake Linden, Mich. 

The following paper was read by the author, and illustrated 
with lantern-views : 

The Efficicnc\y of Built-up Wooden Beams, by Prof. Edgar 
Kidwell, Houghton, Mich. 

The following papers were presented in print by the Acting 
Secretary : 

Tlie Potsdam Gold-Ores of the Black Hills of South Dakota, 
by Prank domes Smith, Rapid City, 8. Dak. 

The Influence of Lead on Rolled and Drawn Brass, by Erwin 
S. Si)erry, Bridgeport, Conn. 

The Fullers’ Earth of South Dakota, by Heinrich Ries, Hew 
York City. 

The days and Clay-Working Industry of Colorado, by 
Heinrich Ries, New York City. 

Notes on the Tin-Deposits of Mexico, by Walter Renton In- 
galls, New York City. 

The following papers were read by title : 

Biographical Notice of Peter Ritter von Tunner, by R. W. 
Raymond, New York City. 

The Michigan College of Mines, by Dr, M. E. Wadsworth, 
Houghton, Mich. 
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Some Statistics of Engineering Education, by Dr. M. E. 
Wadsworth, Houghton, Mich. 

A Mine-Dam, by William Kelly, Vulcan, Mich. 

Some Dike-Features of the Gogebic Iron-Kange, by C. jSI. 
Boss, Bessemer, Mich. 

Notes on Six Months’ Working of Dover Furnace, Canal 
Dover, Ohio, by Arnold K. Reese, Sparrow’s Point, Md. 

Investigations of Water-Supply, by F. H. Newell, Washing- 
ton, D. C. 

The Iron-Ore Supply, by John Birkinbine, Philadelphia, Pa. 

The Marquette Iron-Range. — Its Discovery, Development 
and Resources, by J. B. Jopling, Marquette, Mich. 

A Combination Retort and Reverberatory Furnace, by Cour- 
tenay DeKalb, New York City. 

The Technology of Cement-Plaster, by Paul Wilkinson, St. 
J oseph. Mo. 

The session was then adjourned. 

The second and final session was held at Tower, Minn., on 
Wednesday evening, July 14th, Vice-President Chamberlain in 
the chair. After an address of welcome by the Hon. Joseph 
B. Colton, responded to by Mr. Oliver Williams, the following 
papers were read and discussed : 

The Development of Lake Superior Iron-Ores, by D. IT. 
Bacon, Soudan, Minn. 

Mining Methods on the Mesabi Range, by C. E. Bailey, Vir- 
ginia, Minn. 

Explorations on the Mesabi Range, by B. J. Longyear, Ilib- 
bing, Minn. 

The session was then adjourned. 

Excursions and Entertainments. 

For the Eastern members, who joined the steamor-tri[i on 
the Great Lakes, organized by Dr. David T. Day, the sight- 
seeing commenced on the 8th of July, when a considerable 
party took the “Black Diamond Express” on the Ltliigh 
Valley Railroad from New York, others joining it at South 
Bethlehem and points in the Lehigh Valley. 

On the morning of the 9tli a ehai’tered trolley-car carried 
about fifty of the party to the Carborundum Works, above 
Niagara Falls, where the manufaetui'O of this new abrasive ma- 
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terial was inspected witli great interest. It is obtained from 
a mixture of sand, sawdust, salt and coke by maintaining an 
electric current of a thousand horse-power through a 6-by-6-foot 
bank of this material, 16 feet long. Carborundum exceeds 
sapphire in hardness. 

From here the party i^roceeded to the power-house of the 
Niagara Power Company, where the four 5000 H. P. electric 
generators were seen, and an inspection was made of the exca- 
vation intended for the additional turbines which will run six 
generators, of like capacity, that are now being added to the 
power-plant, already capable of developing 20,000 PI. P. 

From the power-house the ear was taken to the International 
Plotel, where a luncheon -was served. 

During the afternoon a trolley-trip was made on the Cana- 
dian shore above the Falls and then down past the rapids to 
Lewiston, where the river was crossed. Another special trolley- 
car carried the party up the magnificent Gorge Eoad on the 
American side. 

For the arrangement of this interesting and enjoyable ex- 
cursion, the party is indebted equally to Dr. Day and to Mr. C. 
M. Hall, of the Pittsburgh Eeduction Co. 

Returning to Buffalo on the special car, the steamer North- 
West was boarded for the trip through the Great Lakes to 
Houghton. 

At Cleveland, the next morning, the party was met by a 
committee of the local members, headed by Mr. S. T. Wellman, 
with tally-ho coaches, and a ride through the beautiful residence- 
streets, Kuclid Avenue and Prospect Street, was much enjoyed. 

The original party was considerably augmented at Cleveland, 
Detroit and Mackinac, at which latter place carriages were se- 
cured for a ride around the interesting island. 

Arriving outside the harbor of Houghton shortly after nine 
o’clock on the morning of July 12th, the steamer was met by 
the Local Committee with two tugs ; and to insure a safe 
transfer, the life-saving crew was on hand. Proceeding to the 
dock, at the head of the Portage Canal, the party was met by a 
brass band composed of miners from the Quincy mine, and by 
a large number of the Local Committee. Here a transfer was 
made to a large double-deck barge, which was promptly taken 
in tow, and the following itinerary was carried out : 
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10. SO A. M. Arrive at Lake Suioerior Smelting Works. 

11.30 a.m. Leave Lake Superior Smelting Works. Lunch on 

Barge. 

12.00 M. Arrive at Tamarack Osceola Copper Manufacturing 

Co.’s Works, Dollar Baj. 

1.00 p.M. Leave Dollar Bay. 

1.20 P.M. Arrive at Tamarack Stamp Mills. 

2.20 p.M. Leave Tamarack Stamp Mills. 

8.00 p.M. Arrive at Tamarack Mine. 

5.30 p.M. Leave for Houghton. 

Special mention should be made of the luncheon which 
was served on the barge by the ladies of Houghton -while en 
route. 

Tuesday morning, July 13th, the party divided into two sec- 
tions, one to visit the Quincy and Franklin mines, under the 
guidance of Capt. S. B. Harris, the manager of the Quincy 
property. After seeing the various power-plants and mills of 
the two companies, about 20 went down the deep shaft ot the 
Quincy, some 3800 feet below the surface. The other division 
visited the Atlantic mines, where, after an inspection of the 
property, a luncheon was enjoyed through the hospitality of 
Mr. F. McM. Stanton. The early afternoon was spent in ex- 
amining the thorough equipment of the Michigan College of 
Mines. At 4 p.m. the barge met the party at the Isle Boyale 
dock, near the college buildings, proceeding to the Onegaming 
Club House, some miles distant on the beautiful shore of Lake 
Linden. There an elaborate supper was served to the visiting- 
guests, waited upon by the members of the Club. After the 
repast, Capt. H. 8. Chamberlain, as presiding officer, called 
for a number of toasts. A graceful address of welcome was de- 
livered by the Hon. T. B. Dunstau, Lieut.-Governor of Miclii- 
gan and Chairman of the Houghton Entertainment Committee, 
followed by Col. Graham Pope, Judge Jay A. Hubbell, lion. 
Porter King, Dr. M. E. Wadsworth, Prof. Ira Pemaen, Cliarles 
Kirchho-ff and Dr. David T. Day, the speakers for the visiting 
members endeavoring to express the warm appreciation and 
gratitude of the party for the remarkable hospitality and the 
many courtesies extended to them during their stay in the 
copper district. 
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At 9 p.M. the special train of Wagner sleeping-cars was taken 
for Duluth. Through the kindness of Messrs. C. E. Bailey and 
E. J. Longyear, of the Duluth Local Committee, who had 
joined the party upon its arrival at Houghton, the arrange- 
ments for the sleeping-car accommodations had been made in 
advance, so that all were able to enjoy a much-needed rest on the 
train. On arriving at Duluth at 9 o’clock Wednesday morning, 
the party was met by many members of the Local Committee. 
Here dining-cars were attached, and in a short time the train 
proceeded on a special schedule, over the Duluth and Iron 
Range Railroad, to Two Harbors, where the ore-docks were in- 
spected. From there the train carried the party to the mines 
of the Minnesota Iron Co. at Soudan, on the shore of Lake 
Vermilion, where this interesting plant was seen, many of the 
party going underground. Owing to the lateness of the hour, 
the j)rojected visit to the mines at Ely was abandoned, and the 
session scheduled to occur there was transferred to Tower, 
where the train was held for the night. 

The business meeting was opened by an eloquent address of 
welcome by Hon. J. B. Cotton, of Duluth, responded to on be- 
half of the Institute by Mr. Oliver Williams. 

The following morning, Thursday, July 15th, the train pro- 
ceeded to the Mesabi range, where the first stop was made to 
examine the Blwabik and the adjoining Duluth, Canton and 
Cincinnati mines. From this interesting group the journey 
was made to the Fayal mine of the Minnesota Iron Co. Here 
a number of the party went underground after inspecting the 
surface-plant, and from thence proceeded to the Adams mines 
of the Consolidated Co. At the Auburn mine a short stop was 
made to see this interesting example of the milling ” system 
of mining. 

On reaching the Franklin mine, some miles beyond, the 
train Avas for a time abandoned to be met again at Virginia. 
Between these points the Horman, Commodore, Ohio, Lone 
Jack and Oliver mines were passed. These mines are all em- 
ploying the stripping-method in its various modifications. 

Some of the party took the train again, reaching Mountain 
Iron by way of Wolf, while others enjoyed a bicycle ride across 
country through the kindness of Mr. C. E. Bailey, of Virginia, 

0 
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Minn., 'ivlio j)rovided the wheels. Both parties arriving at the 
Mountain Iron mine together, a brief inspection was made of 
this great property, from which a million and a quarter tons of 
ore hare been taken. Boarding the train again, a quick trip 
was made back to Duluth. 

As examples of the various types of Minnesota mines had 
been examined, together with the different methods employed 
in the ranges in mining the ore, and as the Hibbing di.striet 
had so recently suffered fi’om the heavy rains, this part of the 
trip was abandoned. The mines there were badly flooded and 
it would have been impossible to see them favorably. 

The party was indebted for the special trains through the 
Iron Ranges to the Duluth and Iron Range Railroad, and to 
the Duluth, Missabe and hlorthern Railroad. 

The Duluth, Mississippi River and Horthcru Railroad had 
extended the courtesies of their road, but as the trip to Ilibbing 
did not take place, the privilege was not availed of. Tlie Du- 
luth Street Railway Companies courteously provided each of 
the visiting members with a series of tickets good on their lines 
during the meeting. 

On July 16th a large number of carriages were in waiting to 
take the party on the Boulevard drive up the mountain side, 
where a magnificent view of Duluth harbor and the lake was 
had, and on the return the beautiful gorge sceuery was enjoyed. 
A Lake trip was taken by otlier members of the party during 
this time. 

Many establishments in and near Duluth, including the 
American Steel Barge Woi’ks, the Imperial Mill, Klevndor.s and 
Coal Docks, Duluth Superior Bridge, the Board of Trade, tlic 
Duluth High School, and the Mitchell & McClure ainl Merrill 
& Ring Saw Mills, courteously extended a welcome to siudi 
members of the Institute as should desire to insjieet llu'ir 
plants. Briday evening, July 16tb, a reeoption was given by 
the Local Committee at the Spalding Hotel. 

Saturday, July 17th, at 10.45 A.M., a party of thirty left for 
the Black Hills, South Dakota, and at 1.45 p.m. a larger uum- 
her took the steamer Horth Land for the East. 

The Local Committee provided an itinerary with so much 
useful and valuable information relating to the iron industry, 
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tliat it has been thought advisable to append extracts from it to 
these Proceedings for the benefit of the members at large. 

The maps with which it was provided are not reproduced, as 
Prof. Denton’s paper on Methods of Iron Mining in Northern 
Minnesota supplies this want. 

Through Mr. IST. H. Winchell, State Geologist, copies of the 
State Geological Surveg BaUettn^ Ho. 10, were supplied to all the 
guests; and copies of the News Tribune Annual were furnished 
through the kindness of Mr. A. T. Thoits. 

Visit to Black Hills, South Dakota. 

The trip to the Black Hills of South Dakota, being largely in 
the nature of an excursion, the description of it will be treated 
in a correspondingly informal manner. Prof. P. C. Smith had 
promised the members that a hearty welcome would be extended 
to those who should visit this interesting district after the 
close of the Lake Superior meeting, and, not satisfied with 
awaiting their arrival. Dr. V. T. McGillycuddy, Mayor of 
Rapid City and President of the School of Mines there, jour- 
neyed the 1200 miles to Duluth to greet the members and es- 
cort them back. The Acting Secretary undertook to '' person- 
ally conduct” the party, but his duties were made light by the 
combined co-operation of the officials of the Horth Western 
lines and of Dr. McGillycuddy. 

During the long run over the splendid roads of the Horth 
Western system, not a single mishap and not a moment’s delay 
occurred. These Railroad Companies not only gave to the 
members reduced rates, but made them their guests in the 
Black Hills and hauled the Wagner ear, Paoli, free through 
many miles of beautiful country. 

Dr. McGillycuddy was tireless in planning for the pleasure 
and comfort of his guests, and those who took part in the trip 
wfill not readily forget his kindness. The following pleasant 
company filled the sixteen sections of the Paoli, and stayed to- 
gether, with few exceptions, until Buffalo was reached on the 
return. 
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Mr. and Mrs. I. P. Pardee, 
Mr and Mrs. W. S Ayres, 
Mr. and Mrs T D. Jones, 
Mr, and Mrs B.W. Brunton, 
C. W, Goodale, 

L Holbrook, 

J. B Randol, 

The Misses Eandol, 

Z. T. Soweis, 

William Sowers, 

IMiss Sowers, 

V. T. McGillycuddy, 

WL S. De Camp, 


Leo De Camp, 

Miss De Camp, 
Porter King, 

Ira Remsen, 

J. Rand, Jr., 

A. W Sh eater, 

S. H. Pitkin, 

G M Davidson, 

H. A. J. Wilkems, 
Francis T. Freeland, 
E W Paiker, 
Theodoie Dwight. 


Tlie first stop of interest was made at Spooner, Wis., where 
a delicious Inncheon was enjoyed, after which the train was 
boarded for St. Paul. Excellent meals were provided all along 
the route, when telegrams were sent ahead to announce the 
coming of the Mining Engineers. 

After a three-hour stop at St. Paul and a night on the train, 
Omaha was reached, and the six hours there were utilized in 
visiting the Omaha and Grant Smelter. Arriving the next 
morning, July 19 th, at Eapid City, the train Avas met by a 
number of citizens, Avho during the next twentj’-fonr hours, with 
the active assistance of the ladies, entertained the party with 
true western hospitality. Carriages were proA'ided lor a Ausit 
to the School of Mines, returning in time for a hearty luncheon 
served by the ladies. A picnic to the beautiful Black Oaiiou 
was enjoyed daring the afternoon. LeaAung hospitable lvai)id 
City the next morning, Deadwood was reached a few luAurs 
later. Here again many citizens, with Prof. F. C. Smitli at tlicir 
head, met the A;'isitors and escorted them to the Puillock House. 
After Inncheon an interesting and beautiful trip Avas made on 
a special train, furnished through the courtesy of the railroad, 
OA-er the narroAV gauge, winding up into the mountains, and 
passing innumerable minc-tnnnels and shafts. Stops Avere 
made to enjoy particularly beautiful hits of scenery, and, on 
the return, to explore the tunnel at the StcAvart miiui of the 
Golden EeAA’-ard Co. As this aa™ the only mine Avhich the 
party Avere enabled to enter during their stay in t]»c Black 
Hills, it AA^as examined with much interest. The folloAving 
morning AAms spent in seeing the groat mills and snrfa<ic-])Iant 
of the Ilomestako Mining Co. at Lead. In the afternoon 
Prof. Smith shoAved the party through the chlorination-works 
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of the Golden Eeward Co. atDeadwood, of which he is general 
manager. 

The third and last day, the Mining Engineers were the guests 
of the Burlington and Missouri River Railroad Co., which hauled 
two special cars full of the members and their hosts (many of 
whom took part in this trip) through the beautiful winding 
canon of Spearlish creek. There are few more glorious railroad- 
rides in the world, and none that can be enjoyed with greater 
comfort. The 35 miles of broad-gauge track, mounting to an 
altitude of 7000 feet, is an impressive example of engineer- 
ing skill. It was built at a cost of $1,400,000. The views 
afforded of the beautiful Black Hills country from many points 
on the journey are both magnificent and inspiring. After 
luncheon at Sj^earfish, the return trip was made. Leaving 
Deadwood that evening at 6 o’clock. Hot Springs was reached 
by 10.30, when all hands adjourned to the famous Hot Springs 
plunge, which had been kept open specially, and refreshed 
themselves after the journey. The next day was spent by the 
majority in resting, after the long round of sight-seeing and en- 
tertainment. On Friday, July 23d, the last day in the Black 
Hills country, a ride of 12 miles was made by coach and horse- 
back to the wonderful Wind Cave, with its 80 or 90 miles of 
passages running in many parallel rows and tiers, connected by 
gallery and stope, like the underground system of a great coal- 
mine. The peculiar form of the deposits on the roof and walls 
lacks the familiar cylindrical stalactite and stalagmite, being 
what is locally called ^Tace-work.” The richly varying colors in 
this cave add greatly to the beautiful outlines of its scenery, if 
the expression may be used. Returning again to Hot Springs, 
the train was taken some hours later for the East. 

It was expected that the sight-seeing of the trip would end 
here, but upon reaching Minneapolis it was found that Messrs. 
Estal)rook, Woodman and Winchell had prepared an elaborate 
itinerary for seeing the local points of interest, including a trip 
on a chartered car to Minnehaha Falls, and by rail to Lake 
Minnetonka, with a steamer-ride on this wonderfully beautiful 
body of water, with its 266 miles of shore. After a dinner at 
the West Hotel and an evening of music, through the kindness 
of Mr. and Mrs. Winchell, the party proceeded on its journey 
to Duluth to take the steamer Horth West for Buffalo and 
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home. The voyage was a repetition of the pleasant experience 
of three weeks before, and at its end the party, who had 
made warm friendships on their long journeyings, regretfully 
hade each other farewell. 

Members and Associates Elected. 

The following persons were elected as members or associates 


by mail-ballot, April 

and July, 1897 : 

In April. 

Members. 

Noble C. Banks, . 


Graham, N. M. 

Edward Blum, 


. . . . Buenaventura, Colombia, S. A. 

William J Burns, 


Pittsburgh, Pa. 

William Young Campbell, . 


. . . . Johannesburg, So. African Bep. 

Felipe Gomez del Carupo, . 


. San Luisde la Paz, Guanajuato, Mexico. 

Allan J. Clark, . 


. . , . New York City, 

E H Dewey, 


Dewey, Idaho. 

John B. Fleming, 


. . . , Eobinsou, Utah. 

Eriibt Harms, 


. . . El Paso, Tex. 

Eusjene Lawrence Messlei, 


. . . . Pittsbuigh, Pa. 

Horatio Throop Morley, 


. . . . Detroit, Mich. 

Thomas Neilsoii, . 


. . . . Keswick, Cal. 

Edwin Wilder Newton, 


, . . . Bolivar, Mo, 

Charles Of, . 


. . . , New York City. 

S F Parrish, 


. . . . Leadvillc, Colo. 

Godwin H. Powel, 


Powellton, W. Va. 

William Peile, 


. Johannesburg, So. African Eep. 

E Neil Smith, 


. . . . Kalgoorlie, W. Australia. 

George McLeod Spots wood, 


Kingston, Ontario. 

Alfred I. Totten, . 


Talla])ooRa, Chi. 

Godfrey T. Yivian, 


Ihichuca, Mexico. 

Loins Webb, 


. . . . Bui uwayo, So. Africa, 

J H Weddle, 


Leadvillc, Colo. 

Edward Gilbert Williams, . 


. . . . Colon, Colombia, S A. 

Alexandci Hamilton Wood, 


Nashville, Teim. 

Associate. 

Porter King, 


Atlanta, Ga. 


Change oe Status. 

George F. C. Hosking, 


, . . . Auckland, New Zealand. 


In July. 
Members. 


.T. Alibe, 

I-Iiirry Keniietli Austin, 


. Towtu*, Minn, 

. Joliaimcsburg, Bo. Afririiu 
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James A Beckett, 

C W. Benton, 

Kcno de Bonand, . 

Archibald Graham Brownlee, 
Alvin B Carpenter, . 

Henry Edward Cranmer Cany, 
George Plunkett Chaplin, . 
George L Cheesebiougb, . 

J. H. Chewett, 

John G Cohoe, 

Spencer Cragoe, . 

F E Dodge, 

Aueiiste Dutieux, 

F N Esselstyn, . 

Waltei Men?aes Fulton, 
Fiedeiick S. Hairis, . 

Harold Justice Hairis, 

B T Judkins, 

Edmund Juessen, 

Edgar Kidwell, . 

Hugh Mackenzie Leslie, 
Sydney Harland Loram, 
Chailes Goidon Lyon, 

M E. McCarthy, . 

James W. McCoy, 

John Egbert McCurdy, 
Alexander John MacGeorge, 

C. H. Martz, 

Chailes A. Matcham, . 

John W. Mercer, . 

Fiederick Horace Miiiard, . 
Pentecost Mitchell, 

Arthur Mosley, . 

John C Monlden, 

Charles M. Mynck, 

Eobert Kitching Painter, . 
James Park, 

J. L. Parker, 

William A. Parker, 

William Chapman Potter, . 

H A Pi ingle, . 

Ira Rem sen, 

Francis C. Robbins, 

H. Rocliling, 

William T. Shaw, 

Rollins C. Steese, 

Augustus Wynne Stoddart, 
Albert Ernest Thomas, 

Paul Wilkinson, 

Robeito Yario, . 
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Hoosick Falls, N. Y. 
San Lucia, Honduras, C A. 
Auckland. New Zealand. 

Chicago, 111. 
Chihuahua, Mexico. 
Nelson, B C. Canada. 
London, England. 

Duluth, Minn. 
Toronto, Canada. 
Victor, Colo. 
London, England. 
Flushing, L I , N. Y. 
Luxembourg. 
Ish periling, Midi. 
Coioniaiidel, New Zealand. 
Union de Tada, Mexico 
London, England. 
Houghton, Midi. 
Elk City, Idaho 
Houghton, Mich. 
0()r£>aiini, India. 
Tallal, Chili, S. A. 
Melbourne, iiustralia. 
Virginia, Minn. 
Baker City, Ore. 
Chihuahua, Mexico. 
Kalgoorlie, W. Australia. 

Duluth, Minn. 
Phillipsburg, N. J. 
Cripple Creek, Colo. 
Denver, Colo. 
Hibbing, Miiiii. 
Dunedin, New Zi'aland. 
Broken Hill, New South Wales. 

San Francisco, Cal. 
San Juancito, Honduras, C. A. 
Thames, New Zealand. 
Eossland, British Columbia. 

Chicago, 111. 
Cliicago, 111. 
Eat Poitage, Canada. 
Baltimore, Md. 
Leadville, Colo. 
Volklingen, Germany. 
Gilt Edge, Mont. 
Youngstown, Ohio. 
Johannesburg, So. Afiican Rep. 
Coolgaidie, W. Australia. 

St. Joseph, Mo. 
Guanajuato, Mexico. 


Associates. 


Harry J. Boyd, . 
John A. Rogers, . 
Augustus Simson, 


Bel Air, Md. 
Neosho, Mo. 
Launceston, Tasmania. 
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Howard B Stewart, . 
Edgar A. Weimer, 



Zeehan, Tasmania. 
Lebanon, Pa. 


Change of Status. 


W* S Davidson, . 

E. Henry Jeflrey, 

E. B. Kirby, 



New York City. 
London, England. 
Denver, Colo. 


Members, Associates and Guests Eegistered During the 

Meeting. 


D T. Adams, 

J. R Dee, 

W C Agnew, 

F. W. Denton, 

M H. A1 worth, 

J. M Desloge, 

Robei t Alight, 

W. E Dickinson, 

W E Appleby, 

W. A Dunn, 

Charles d’Autrement, 

T. B. Dunstan, 

W. S Ayres, 

T. Dwight, 

D. H Bacon, 

J. S. Dymock, 

Jacob Baer. 

A. B. Edwards, 

C. E. Bailey, 

B. M. Edwards, 

Edwin Ball, 

J. B Estabrook, 

Mowry Bates, 

John L Ferguson, 

Simon Beahan, 

F. T. Freeland, 

E M. Bennett, 

J W. Fuller, Jr., 

E. Bollinann, 

W. K Gibson, 

Joseph Bosch, 

J B. Gilchiist, 

C. BI Boss, 

C W. Good ale, 

E B Brace, 

R B Goodell, 

J Bunnell, 

J. L. Gieatsingcr, 

M. W. Burt, 

R, B Green, 

W. S Brown, 

G B. Grubb, 

B. W Biunton, 

H. B Haddock, 

W. D. Calvcrly, 

J. T. Hale, 

A. I. Carlm, 

J L. Harris, 

C. M. Case, 

1 S B. Harris, 

T. L. Chad bourne, 

William Harry, 

H S. Chamberlain, 

G. G Hartley, 

B. H Cbanning, 

’ E B. Hawkins, 

0. H Chesebrongh, 

: J. H. Hoarding. 

E. G Coggin, Jr , 

Joseph H oil nos, 

B G. Collins, 

Frank Hilibing, 

H. W. Conrad, 

J. H Hicok, 

P H. Con rad son, 

Levi Holbrook, 

J B Cooper, 

L. L. Hubbard, 

Eugene Coste, 

J. A. Hubbell, 

J. B. Cotton, 

T. W. Hugo, 

A. L. Crocker, 

A. E, Humphreys, 

Joseph Croze, 

Axel Ililseng, 

J. D. Cuddihy, 

A. I. Jones, 

G M. Davidson, 

T. B. Jones, 

D. T. Dav, 

Washington Jones, 

Lc'o De Camp, 

B. T. Judkins, 

W. S. Do Camp, 

W. J. Keep, 
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William Kelly, 
Edgar Kid well, 
Porter King, 

O D Kinney, 
Charles Kirchhoff, 
William H Knight, 
J W. Kreitter, 

A. C. Lane, 

Pel Larsson, 

W. Gr. La Rno. 

John Lawson, 

J. H Lee, 

G. A. Leland, 

A. F Leopold, 

John Lilly, 

E J. Longyear, 

0. Lord , 

C H Ludlow, 
Fiaiik Lyman, 

J. T McBride, 

M. MeCaity, 

A Me Don gall, 

Fied McKenzie, 

W A. McGojiagle, 

F. W. McNair, 

G. M. Mcigie, 

John Mailman, 

G. A, Marr, 

C H. Maitz, 

F W. Math lessen, 
M. Messner, 

A, M. Miller, 

P Mitchell, 

C. F. Moor, 

James Moore, 

B F. Myers, 

W. J. Olcott, 

A. L. Ordean, 
Thomas Owens, 

1. P, Paidce, 

E. W. Parker, 

W E. Parnall, 

J. H. Pearce, 

L. Pockitt, 

John Pengilly, 

E. D. Petit, 

A. M. I^eyborii. 

IX M. Philbin, 

S, H. Pitkin, 
Grahnni Pope, 

J. J. Prince, 

J B. Band, 

J B. Band, Jr., 
Theodore D. Band, 
J. B. EandoJ, 


John A. Redferii, 

A. F Bees, 

Ira Bern sen, 

J. H Bice, 

Harry Roberts, 

T. W. Robinson, 
Loins Rouchlean, 
Edwaid Ryan, 

T D Ryan, 

J H Seager, 

J E. Scallon, 

A. J. Scott, 

G. A St. Clair, 

A. E Seam an, 

J. XJno Sebeinus, 
Joseph Sellwood, 

R. Sellwood, 

A W. Sheafer, 

F F. Sharpless, 

J Sheiidan, 

J N. Sherrerd, 

R H. Shields, 

Jacob Shilling, 

J A. Shields, 

O H. Simonds, 

C. D. Skillings, 
Fied. Smith, 

Z T. Sow^ers, 
William Sowers, 

F. W Spoi r, 

Erwin S. Sperry, 

F McM Stanton, 
Louis Stock ett, 
Bradley Stoughton, 
H E Sturtevant, 

E. F. Sutton, 
George D. Swift, 

A. E. Tiiomson, 

A J. Trimble, 

B J. Yan Yleck, 
William Veale, 

H. I. Vivian, 

M. E. Wadsworth, 
George Wallace, 
Bichaid Webb. 

C. H. Wellman, 
William Whitney, 

H. V. Winchell, 

J. F. Wilcox, 

Paul Wilkinson, 
Oliver Williams, 

J. PI Wilson, 

G. L. Woodworth, 
C. A. Wright, 

Z. W. Wright. 
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Complete Analyses of Cargo Samples of Grades of Ore Mined in 

Minnesota. 




Vermilion Range 






Name of 
Mine 

Name of 
Grade. 

Iron. 

Silica 

Phoa 

Mang 

Snip 

Alum 

Lime. 

Magn 

Moiht 

Minnesota 

<< 

u 

Chandler 

Pioneer . ... 

Zenith . . 

Minnesota . 
'Soudan 
!Red Lake 
Vermilion 
Chandler 

Long Lake , . 
Pioneer 

Pilot . . , 
Zenith . 

' 

67 74 
65 SI 
64 41 
67.80 
64 70 
60 59 
64 91 
61.20 
6G.02 

1.55 

4 86 
8.74 

1 68 

4 26 

7 80 

1 50 
9.96 

2 95 

048 

104 

108 

116 

036 

040 

08o 

.030 

.050 

None 

None 

None 

None 

.13 

13 
21 
.(>6 

14 

None 

Trace 

Tiace 

None 

Trace 

001 

020 

006 

009 

90 

68 

1 81 
62 
^ 37 

1 85 

1 60 

1 62 

1 61 

.27 

()2 

35 

60 

,38 

.72 

.16 

.21 

.12 

.12 

.28 

11 

25 

10 

20 

.07 

.10 

.07 

2 00 

5 79 
7.55 

8 11 

8 50 

5 52 



Mesabi Range. 






Adams 

Adams 

64 18 

2.80 

035 

.40 

007 

80 

.21 

,10 

7 29 

Auburn 

Auburn 

65 04 

2.25 

.047 

.39 

Trace 

1 47 

.68 

.15 

9.56 


Audiey. . .. 

62 69 

2 64 

.071 

.66 

Trace 

1.52 

25 

.U 

12 07 

Biwabik .. . 

Buvabik 

64 61 

8.00 

033 

.25 

.0(J5 

50 

.21 

.15 

7.71 

Burt 

Burt. ... 

65 48 

3 17 

034 

.49 

006 

1 13 

.56 

.20 

8 97 

Canton . 

Climax . .. . 

65 04 

1.94 

036 

87 

Trace 

60 

.88 

Tiace 

8 65 

“ , . 

Canton 

60.80 

4 25 

048 

.49 

Tiace 

98 

.71 

.07 

9.07 

Cincinnati 

Cincinnati .. 

61 50 

6 82 

037 

59 

015 

98 

.31 

15 

8 00 

“ 

Cmcin’ti Silica 

59 00 

8 00 

.030 

.60 

015 

l.Of) 

34 

15 

8 00 

Cloquet 

Cloquet 

62 07 

4 00 

.018 

.37 

. , 

1 60 

.28 

SO 

13.18 

Mangan 

59 80 

5 50 

031 

.68 


1 52 

,82 

10 

18 55 

« 

Valley 

61 OS 

5 66 

041 

.31 



.. 


12 76 

Commodore . 

Commodore , ,. 

63 60 

4.10 

088 

.12 

‘oil 

’ 90 

.87 

04 

10 25 

Duluth 

Bernnger. . 

61.16 

4.55 

065 

35 

.012 

1.59 

.11 

.07 

8 91 

Fayal .. 

Fayal ... 

62.56 

3.06 

037 

1 00 

Trace 

1.30 

.26 

• U 

9 55 

Franklin. . , 

Fianldin 

62.79 

4 12 

.036 

.69 

.021 

81 

30 

.20 

6.26 

Genoa 

Genoa 

62.70 

3 75 

.033 

.65 

None 

I.IG 

.60 

.19 

n.29 

Hale. . 

Hale 

60 00 

5.00 

.100 

.55 

016 

52 

1 58 


9 (Id 

Lake Superior. 

Hull 

65 52 

2.43 

.024 

.19 

.018 

.79 

.02 

‘.14 

10.79 

(1 

Rust .. .. 

65 no 

2.50 

.030 

.25 

.012 

1 25 

25 

.15 

9 25 

Mahoning 

Mahoning.. .. 

64 28 

2 75 

.050 

.38 

.020 

1 50 

.21 

.11 

10 :u 

ti 

Beaver ... 

a-i 44 

2.20 

.081 

.17 

012 

1 1.50 

20 

10 

10 61 

a 

Sheiiango . . .. 

61.07 

2 69 

.060 

.30 

.020 

1 62 

.20 

.16 

10.58 

Minnewas 

Minnewas 

65 68 

2 35 

017 

35 

.008 

1.14 

.20 

.03 

<).()0 

Mountain Iron 

Mouiuam Iron..! 

64 08 

3.68 

.043 

.42 

.010 

1 80 

.18 

10 

12,27 


Hehner 

64 00 

3.65 

051 

.48 

,015 

1 80 

.15 

.10 

11 15 

it 

Tubal 

68.25 

4.50 

.065 

.45 

013 

1.75 

20 

.08 

11.51 

Norman 

Norman 

62.15 

3 75 

.069 

90 

Trace 

1.82 

52 1 

15) 

8 41 

Ohio 

Sa.xon 

64.29 

3 75 

.039 

56 


1 21 

.12 1 

04 

8 00 

Ohio 

61 53 

4 50 

.082 

.40 

‘.007 

1.45 

.88 1 

.25 

6.95 

Ci 

Ohio Katonah 

64 41 

2 95 

.053 

.40 

.006 

1.31 

.87 

.25 

8.35 

Oliver 

Oliver 

68.81 

4.58 

.053 

.51 

.010 

2.10 

.20 

.047 

9,07 

it ' 

Juniata 

62 40 

3 30 

08{5 

,67 

.018 

4 62 

05 

Trac'c 

lO.OO 

Preble 

60 (JO 

4 75 

080 

1.67 

.020 

3.58 

.10 

.108 

9 56 

Selleis . . , 1 

Sellers , 

61 2S 

8 60 

.036 

,88 

.019 

.95 

,19 

.12 

.12 

8 73 

Williams 

Williams 

00 40 

9,20 

.036 

.77 

.011 

.95 

.42 

0.70 
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Complete Analyses of Cargo Samples of Ores from the Marquette 
Hange^ Michigan, 


Marquette Rvnge. 

Name of Grade of Ore. 

Iron. 

Silica 

Phos. 

Maug. 

Sulph 

Alum. 

Lime. 

Magn 

Moist 

Angeline, Hard 

66 19 


014 






3 00 

“ Hematite 

66 OJ 

.. . 

.042 





.. 

S 60 

South 

62 S7 

4 45 

.128 

.27 

.023 

1.79 

.33 

.06 

11 02 

Barnura .... 

65 50 

3 49 

075 

36 

026 

1 80 

32 

.26 

.89 

Beacon 

46 00 

29 75 

.043 

.07 

0,30 

2.. 50 

1 00 

,80 

84 

Blue . . . . 

6,? 40 

5 20 

.118 

25 

010 

3 90 

.55 

.72 

10 55 

BulTalo 

61 .80 

6 60 

.127 

5.5 

.003 

1,84 

80 

1 10 

10 70 

“ South . . 

61 1)5 

5 70 

115 

..39 

.005 

1 75 

92 

.71 

10 90 

Carabi la 

61 .40 

9 60 

046 

.34 

.012 

3 92 

.74 

,30 

10 10 

Cleveland Bessemer 

67 23 

2 75 

.044 

.11 

017 

20 

.25 

,24 


Clillri Shaft . . . 

62.42 

3 ()5 

113 

.35 

.020 

1 70 

1 15 

1 00 

1 06 

Columbia 

51) 13 

8 20 

,550 

06 


1 46 

1 35 

06 

10 77 

East End Bessemer 

61 06 

7 48 

.016 

.83 

,014 

2 09 

.23 

30 

10 33 

Essex 

60 00 

10 25 

.110 

.30 

020 

2 20 

53 

20 

74 

Poster 

51 45 

18 45 

142 

27 

020 

1.10 

.18 

.39 

3 03 

“ Silica ... 

42 00 

27 00 

122 

3 86 

002 

1 SO 

.20 

3 67 

3.00 

Humboldt 

65 90 

3 <)1 

1.50 

.1.3 

020 

1 S8 

88 

.24 


Ishpcming'.. 

57.41 

10.. 15 

072 

.57 

.030 

2 62 

38 

36 

9 89 

Jack.son, South Side 

4.5 97 

30 81 

050 

2 12 


2 00 




“ Pit No 7 ., 

17 77 

11.00 

063 

2.15 


2 00 




Lake 

GO. 85 

5.67 

.088 

()0 

.013 

2 10 

.41 

32 

i2 10 

Lake Bessemei, No 1 

65 44 


0.50 






0 97 

“ No. 2 . 

64.01 

5.50 

.0.18 

.24 

019 

1 40 

35 

.21 

9 03 

I.,akc Silica 

48 27 

25.10 

042 

43 

035 
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Complete Analyses of Cargo Samples of Ore from the Ilcnominee 
Range, Michigan and Wisconsin. 


Name ol Grade of Ore. 


Appleton 

Aragon . . 

Badger .... 

Claire . ... 

Clifford ... . 

Cr.vstal Falls 
Davidson. 

Dunn 

Elmwood. 

Florence . ... 
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Iron Kiver. 

Keel Ridge 
Lincoln 
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Tyione 


Iron 

Silica 

Phos 

Mang 

Snip 

63 

30 

4 61 

.018 

.27 
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Complete Analyses of Cargo Samples of Ore from the Gogebic 
Range, Michigan and Wisconsin. 


Name of Grade of Ore. 

Iron. 

Silica. 

Phos. 

Mang 

Snip. 

Alum 

Lime 

Magn. 

Moist. 
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The Handling of Material at the Blast-Furnace. 


BY AXEL SAHLIN, SPARROWS POINT, :MD. 

(Chicago MeetiDg, February, 1S97 ) 

The old charcoal-furnace, with its square stone stack, perched 
on the hillside at the hank of the stream; the Tvater-driven 
blowing-engine, with its wooden connecting-rod, and noisy 
leather flap-valves; the inclined bridge, up which the wheel- 
barrow wended its way to the open tunnel-head, "where the 
artist top-filler, who alone possessed the secret of how to 
stock the furnace, presided, are pleasing memories from my 
childhood and my Swedish home. There was the frame-built 
coal-shed, where crude basket-work sleds gathered during the 
short winter days from the silent forest to discharge their loads 
of charcoal ; there vras the pile of dark magnetic ore, replen- 
ished from other sleds ; there were the piles of pig-iron, with 
their cabalistic trade-marks, stacked on the shore of the lake, 
awaiting the coming of spring and open water. Everytlpng 
was peaceful, calm and deliberate; 25 to 50 tons of iron per 
week was a fair average output. 

I cannot refrain from sketching this pen-picture of a genera- 
tion ago, as a contrast to the furnace-plants and problems 
wuth wdiich we of the present day have to deal. The evolution 
of the blast-furnace, especially the American blast-furnace, dur- 
ing the last third of a century has indeed been radical, making 
the question of getting the material to the furnace and the pro- 
duct away from it promptly, cheaply and regularly — ^the prob- 
lem once satisfactorily solved by the cart or sled, the wheel- 
barrow and manual labor — one of great difficulty aud grave 
importance. 

It is my jDurpose in this paper briefly to record some of the 
most important steps which have been taken to solve this prob- 
lem, and to oflEer a few suggestions as to what might next be 
done to keep up with, and anticipate, the increasing producing 
capacity of the blast-furnace. 



4 THE HANDLINa OF MATERIAL AT THE BLAST-FURNACE. 


The spread of the railroad uet-work in all iron-producing dis- 
tricts early introduced the freight-car and the car-load as the 
natural unitin the transportation and handling ol stocks; and, 
except where the furnaces are located directly on navigable 
water-fronts, the yards and stock-houses are arranged with a 
view of handling such cars to the best advantage. The elevated 
track or trestle is therefore a universal feature of the stock- 
yards. It was a natural step to build, between these trestles 
and under the tracks, bunkers or hoppers, with funnel-shaped 
bottoms, from which the stock could be drawn without shovel- 
ing. These hoppers are great labor-savers, if rightly propor- 
tioned and provided with efficient drawing-doors, but for years 
past, the success experienced with them has generally been in- 
different ; the reason being, that the shape of the hoppers often 
was governed, not by the laws of gravity and friction, as it 
should be, but rather by the proportions of the existing trestles, 
without much regard for the mechanical necessities of head- 
room, pitch, etc. 

An interesting installation of hopper-storage is in use at the 
furnace-plant of the Dowlais Iron Company, at Cardiff, South 
"Wales. The plant consists of four furnaces with a stated ca- 
pacity in 1895 of 200 to 225 tons per day, each. Behind the 
furnaces, and on lines parallel with them, are located two rows 
of upright cylindrical sheet-metal tanks, about 30 feet in diame- 
ter and 60 feet high, resting on columns. The lower part of these 
hoppers is contracted and provided with chutes for drawing the 
stock, as required, direct into the charging-bogies. The flow 
of stock through each chute is regulated by a sliding door, en- 
tering the chute from the under side through a slot extending 
from side to side across the bottom of the chute. This device 
works perfectly, and is worthy of attention. Over the top of 
each row of tanks runs a standard-gauge track. At each end 
of these tracks is built a powerful hoist, operated by water- 
filled counterweights. At one end, the loaded wagons are 
raised to the level of the overhead-track, where a special engine 
hauls them over the proper tank. The wagon is discharged by 
dropping the bottom. It is then moved to the opposite end of 
the overhead track, whence it is lowered to the yard-level by a 
hoist similar to that at the raising-end. It must be borne in 
mind, that the four-wheeled English goods-wagou has a capacity 
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of not above 10 tons, and is therefore better adapted than the 
American 60,000-pound freight-car to this method of hand- 
lina:. The same heifirht and construction of tank is used for 
handling coke, as well as flux and ore. It was reported, that, 
after the coke-tanks were once filled, the abrasion and crushing 
of the coke was very insignificant. By means of this aj)paratus, 
five men on the turn were able to stock each furnace. The 
men were paid by the ton of product, and were said to earn 
from eight to nine shillings per day. It is evident that the 
storage-capacity under this system is limited, and it would 
hardly be available where a winter supply of ore must be laid 
in, or a large reserve of stock for other reasons must be kept at 
the furnace. 


Fig. 1. Fig. 3. Fig. 5. 



Ilotor Car G G 



System of Charging, Maryland Steel Company. 


In plants requiring a large storage-capacity, the trestles are 
often extended to a considerable distance from the furnace. 
The expense of hauling an increasing number of charging- 
bogies grows in proportion to this distance, and would be pro- 
hibitory without improved transfer-arrangements. 

The Maryland Steel Company, of Sparrows Point, Md., has 
overcome the difiiculty of a long transfer by employing electric 
trolley-cars. Behind and parallel to the four furnace-stacks is 
located the stock-house, a magnificent steel structure 1180 feet 
long and 100 feet wide, containing four lines of tracks, sup- 
ported on trestles, 20 feet high. The trestles are continued 
some 600 feet beyond the end of the stock-house; the extension 
being used exclusively for the storage of foreign ore. The 
hoists are of the ordinary upright reciprocating type, with plat- 



6 THE HANDLIX& OF MATERIAL AT THE BLAST-FHRNACB. 


form? 12 feet 6 inches by 12 feet 6 inches, served by Crane 
hoisting-engines with 14-ineh bj' 16-inch cylinders. Along the 
front of the stock-house is located a narrow-gauge, depressed 
trolley-track, extending beyond the extreme end of the trestles. 
Over the track is suspended the trolley-wire, carrying a 250- 
volt current. On this track travel a number of motor-cars, 
each driven by a 6 H. P. motor and carrying two transverse 
tracks, level -^vith the floor under the trestles, and sufficiently 
long to receive the wffieels of the eharging-ears, wffiich, by a 
simple locking-arrangement handled by the operators, are 
scotched in proper position. The motion of the transfer-cars 
is perfectly controlled from a cab or stand at the rear end of 
the car. The operator becomes in a short time so expert, that 
he is able to stop his car within one-half inch of the point de- 
sired. Under each trestle, or bin, are two parallel tracks at right 
angles to the stock-tracks, corresponding with those on the 
transfer-cars. In front of the hoist are placed the scales, of the 
Fairbanks six-beam type, but with the levers and edges placed 
overhead, and the scale-platforms suspended underneath — an 
arrangement which facilitates inspection and repairs, and brings 
the delicate working-parts of the scales away from the dust. 
Each scale- and hoist-platform carries two tracks corresponding 
to those on the transfer-cars. Between the scales and the 
hoist-cages is placed a depressed transfer-table operated by 
blast-pressure, supporting six transverse tracks, so spaced that, 
at either end of the stroke, four of them correspond to those on 
the scales and hoist-platforms, while the remaining two match 
return-tracks for the empty ears. The system of working the 
charging-cars is explained by Figs. 1 to 6, wdiieh can be under- 
stood by following the changed position of the ears marked 
with the same letter. 

The loaded cars are marked black ; the empty ears are out- 
lined ; the arrows indicate commencing motion. One weigher 
with two assistants and two motor boys on each (twelve hours’) 
turn have, with this apparatus, without difficulty, handled stock 
for a furnace producing nearly 10,000 tons of iron in one month , 
and with a record of 392 tons in twmnty-four hours. At times 
the ore is brought in to the scales from a distance of 900 feet. 
Two transfer-cars are used for each furnace. The construction 
of charging-cars is shown by Figs. 7, 8 and 9. They are pro- 
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vided with drop-bottoms, held by a simple and very effective 
toggle-lock. The coke-car has a capacity of 55 cubic feet or 



1680 pounds. The ore- and limestone-car has a capacity of 30 
cubic feet, or about 2240 pounds. The cycle of operation, in- 
cluding the hoisting, discharge and return to motor-cars of four 


Charging-Cars, Maryland Steel Company, Plan. 
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eliarging-cars, requires about tivo to two and one-half minutes. 
For handling the heavy charging-cars, the top platform is fitted 
with tracks running across the hopper on either side of the 
bell-rod. The two ears raised on the same hoist are run, one 
behind the other, upon one of these tracks ; the bottoms are 
dropped by springing the toggle-locks ; a special air-cylinder 
lifts the far end of the track, and the ears are sent by gravity 
back to the hoist-cage. Such was the arrangement used on the 
first furnace equipped for this charging-method. When the 
furnace was blown out it was found, however, that the continu- 
ous dropping of the stock at four points only had caused the 
furnace-walls to cut so, that the cross-section of the upper part 
of the shaft was nearer square than circular. The system had, 
however, given such good satisfaction and economical results, 
that it was decided to overcome this difficulty by placing the 
tracks spanning the hopper on a turn-table, revolving through 
an angle of 45° and worked by air-pressure. The present ar- 
rangement of the top of “A” furnace is shown by Figs. 10 
and 11. The cars constituting every alternate charge are re- 
volved by means of the table, so that stock is dropped in eight 
places instead of four, insuring better distribution and de- 
cided economy in fuel. To make sure that the table is regu- 
larly revolved, a recording instrument, inaccessible to the top- 
fillers, is attached to the operating-cylinder. Three men on 
each turn do the work on the top of the furnace. 

Since the days of the inclined foot-bridge and the wheel- 
barrow, the improvements in the stock-hoist have kept pace 
with the efficiency of the furnace proper. As a first step, rails 
and a platform-ear, carrying the wheelbarrows, or, later, the 
charging-bogies, were placed on the inclined bridge, water, run 
into a counterweight-tank, furnishing powei’. One such bridge 
often served two or three furnaces. Later, hydraulic or pneu- 
matic pressure took the place of the water acting by w>-eight. 
The inclined bridge gave way to the vertical hoist-tower of the 
present day. 

In 1860 Mr. John Fritz designed and built for the Bethle- 
hem Iron Co. a number of pneumatic hoists, which are yet in 
operation, and which, so far as I know, have not been described 
in the Transactions of the Institute. These hoists were a strik- 
ing improvement on anything then in use, and the principle 



THE HANDLINa OF MATERIAL AT THE BLAST-FURNACE. 



rapid-moving hoist of large capacity. The arrangement of the 
hoist is shown by Fig. 12, 
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The single cage is placed between two cast-iron air-cylinders, 
extending the entire height of the hoist-tower. It is guided by 
rollers traveling on A^-shaped rails, cast in one with the cylin- 
ders. In the bore of these work leather-packed pistons, to 
each of which are attached two hoist-ropes. These ropes run 
through the upper head of the cylinders over sheaves, sup- 
ported by the top-frame of the tower, the opposite ends being 
secured to the hoist-cage. When cold-blast pressure is ad- 
mitted to the cylinders above the pistons, the load is raised ; 
when the air is exhausted the platform is lowered. A hoist, 
built on the same principle, but with one central air-cylinder, 
was installed at the Freemansburg furnace of the Bethlehem 
Iron Co. It is shown in Fig. 13. 

Such a hoist, slightly modified, was also built in 1871 by the 
late Mr. George Fritz for Furnace Ho. 5 of the Cambria Iron 
Co., Johnstown, Pa. As late as in 1885 this hoist was working 
side by side with a double-cage steam-hoist at Furnace Ho. 6, 
the latter being equipped with an engine of good make (as 
hoisting-engines were built in 1878). The air-hoist gave far 
less trouble and caused fewer delays than the steam-hoist. It 
had, however, no spare capacity, and both hoists were soon 
afterwards altered and equipped with modern engines. 

The successful blast-furnace hoisting-engine is of compara- 
tively recent date. In 1872 the Crane Elevator Company, or 
rather their predecessors, put their first engines in operation at 
the Joliet Steel Works, the Vulcan Steel Works of East St. 
Louis, the Spearman Iron Company’s furnace and some other 
plants. These engines were belted. Since that day the hoist- 
ing-engine has been strengthened throughout, perfected and 
enlarged to meet the growing requirements. Steam-engines 
had, it is true, been used for blast-furnace hoists earlier, but 
they were crude, deficient in reliable stop- and safety-appli- 
ances and did not gain or deserve general confidence. 

Great credit is due to the engineers who have evolved the 
present compact, faithful, ever-ready hoisting-engine, without 
which furnace-managers would hardly succeed in making the 
wonderful records, with which they are now astonishing the 
technical world. 

But we have gradually entered on a new departure. The 
vertical hoist, if not the hoisting-engine, has reached its limit. 
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It is clifScult to see how, without extravagant use of labor, more 
than from 1500 to 1600 tons of material per twenty-four hours 
can be brought in hand-bogies to the hoist-platforms, lifted 100 
feet or more, removed from the platforms, dumped into an open 
hopper and the empty bogies returned to the stock-house. 
These operations, incessantly repeated with the utmost prompt- 
ness, become a task almost beyond the endurance of man, and 
so we are returning again, in blast-furnace construction, to the 



inclined plane — now, however, made to carry larger cars or 
skips, and designed to raise a considerable portion of a charge 
on each trip. The real or assumed difficulty of obtaining 
proper distribution in the hopper has for years been made 
an objection to this method of elevating the stock. It was, 
however, in use at the Lucy furnaces in Pittsburgh as early 
as 1881, and has been in use at the Lebanon furnaces, Lebanon, 
Pa., since 1885. In most of the recently built furnace-plants 



12 THE HANDLING OE MATERIAL AT THE BLAST-EURNACE. 


the skip-hoist is made a feature, and the labor of the top-fillers 
has been dispensed with. By means of a double hopper, into 
the uppor part of which the skips are emptied, the stock is un- 
doubtedly distributed with sufficient regularity. 

The skip-hoist at the Lebanon furnaces was designed by the 
Weimer Machine Company. It consists of a single inclined 
track, 7 feet 7 inches gauge, 301 feet long, -with a rise from the 
stock-house floor to the tunnel-head of 95 feet. The track 
crosses the hopper above the depressed bell-beam, from which 
the conical bell is suspended by a short link only. On the track 
travels a drop-bottom tank 7 feet 2 inches in diameter, 7 feet 
1 inch deep, with a capacity of 8000 pounds of stock. Re- 
cently the original drop-bottom doors have been replaced with 
a bell, whereby the capacity of the tank is somewhat increased 
and a better distribution secured. The 6-foot diameter hoist- 
ing-drum is carried on cast-iron brackets, bolted to the top of 
the furnace-shell. It is geared 6 to 1 to a duplex, vertical hoist- 
ing-engine (16-inch diameter of cylinders, 20-inch stroke) which 
is bolted to the furnace-shell below the hoisting-drum. The 
skip makes a trip in two minutes. The hoist is satisfactory, 
and has been duplicated at the furnace of the Duluth Ii-on and 
Steel Company, Duluth, Minn. 

Through the courtesy of Mr. Edwin Thomas I am enabled 
to give some data regarding the Thomas patent furnace-filling 
apparatus, which is in successful operation at the Pioneer 
furnaces, at Thomas, Ala. This contrivance permits the 
hoisting of narrow-gauge drop-bottom cars to the top of the 
furnace and discharging them automatically. Each filling-car 
has a capacity of about 2000 pounds of coke or 4500 pounds 
of ore. The stock-house, 70 feet wide and 650 feet long, is 
located 150 feet from the furnace. The stock is unloaded from 
trestles in the usual manner. The filling-cars travel on tracks of 
30-inch gauge, extending the entire length of the stock-house and 
having turn-outs and side-tracks running into the difterent stalls. 
At the center of the stock-house is a turn-table for swinging the 
cars on to the scale-track, whence they continue to the foot of the 
inclined hoist-plane. This is 190 feet long and has a pitch of 
25'^, It is composed of two spans of 7-foot deep lattice-girders, 
spaced 7 feet, center to center, and designed to carry a live load 
of 20,000 pounds. The girders are supported at the foot by a 






/ 



masonry pier, in the center by a steel structure and at the top 
by heavy brackets riveted to the furnace-shell. To the top- 
flange of the hoist-girders are bolted cross-ties, which support 


Top of “A” Furnace, Maryland Steel Company, Plan, 
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a single four-rail track and a stairwaju The gauge of the two 
outside rails is 30 indies, and on these run the tilliiig-cars. 
The inside rails are gauged 22 inches. They support a special 
truck, permanently attached to the two |^-inch hoisting-cables, 
and designed to push the loaded filling-cars ahead of it to the 
top of the incline. The outside rails connect with the tracks 
to the stock-house and scales, while the inside rails continue to 
descend below the general stock-house level, forming between 
them a pit or well, into which the pushing-car sinks, permitting 
the empty filling-car to continue over its top on the track, back 
to the stock-house. The loaded filling-car is, in its order, brought 
from the scales across the pit containing the pushing-car, which 
is made to re-ascend behind it, carrying it to the tunnel-head. 

Fig. 14 shows the two cars traveling up the incline. The 
ingenious automatic dumping arrangement at the tunnel-head 
is shown in Fig. 15. The 30-inch track extends across the 
hopper. From the girders supporting this track is suspended 
an upper cast-iron hopper or funnel, with a 24-inch circular 
aperture concentric with the apex of the bell, which is 8 feet 
6 inches in diameter and supported by four rods. The filling- 
cars are fitted with hinged drop-bottom doors, controlled by 
chains, levers and countei'- weights in the shape of revolving 
rollers attached to the levers. As the car mounts, the counter- 
weights are raised by being brought to bear against curved 
tracks or matrices shown in the figure. The bottom-doors 
drop when the weights are lifted, and the stock is discharged 
into the upper cone of the hopper. ‘When the car returns 
towards the incline the weights are released and the bottom- 
doors close automatically. The pushing-truck is not counter- 
balanced. To insure against any delay from break-downs the 
hoist is fitted with two engines (15- by 18-inch cylinders). The 
furnaces are of moderate dimensions, being 75 feet high, with 
a bosh-diameter of 16 feet 6 inches. The largest amount of 
stock required to be raised in one w^eek has been 5500 tons. 
This has been handled by the hoist without crowding, and with 
considerable capacity to spare. This apparatus is undoubtcdlj’' 
economical in first outlay, clever in design and eflicient in per- 
formance. 

Recently doubledrack, alternating inclines with self-dump- 
ing skips and intermediate hoppers have been designed and 
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built which will have a large capacity, hut which I am not at 
liberty to discuss at the present time. It is to be hoped that a 
description of the filling-arrangement at the new Duquesne 
furnaces will soon be placed before the Institute, as the recent 



performance of this arrangement widely surpasses anything 
attempted at any other blast-furnace. 

At furnace-plants located on navigable water-fronts we find the 
Brown hoisting- and conveying-apparatus universally adopted 
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for unloading vessels and conveying the ore to the place of 
storage. The construction of one of the most recent and eftective 
of these machines is shown in Eig. 16, showing side-elevation 
and plan of one revolving machine, and Figs. 17 and 18, show- 
ing a plant of sixteen machines, as built at the works of the Illi- 
nois Steel Co. at South Chicago, Its mode of operation is too 
well known and understood to require special description. 
The great advantage of this device, as compared with ordinary 
derricks, cars and trestles, in the rapidity of transfer, capacity 
of storage on a given area, low first cost of plant per ton of 
material stored, and in avoiding all rehandling, is obvious. 

With one of these machines at the works of the Illinois Steel 
Co., South Chicago, between 500 and 600 tons of hematite-ore 
have been unloaded from steamer and stored at a point 280 
feet from the ship in ten hours and by eight men. It is on 
record that on September 7th, 1894, the large steamer S. 8. 
Curry, with 456^9 gross tons of ore was unloaded at the above 
works in eleven hours, working nine hatches, that is with nine 
machines, with sixty-three men in vessel and twelve men oper- 
ating the machinery. The Brown machine may be built as a 
gantry crane, spanning the stock-yard as well as in the ordinary 
cantilever form traveling or revolving. It is driven either by 
electricity or by steam. 

The rope-tramway is frequently used around blast-furnace 
plants, especially on the continent of Euro]3e, for long transfer 
of stock and for removing cinder. As it may be built in spans 
of 300 to 400 feet or more, it is especially valuable in crossing 
inaccessible areas. As instances, I refer to the installations 
long in use at Gutehofinungshiitte, Oberhausen, Germany, for 
transporting the cinder from the blast-furnaces to the dumps 
across the main line of the Berlin-Cologne Railroad, and to the 
cable carrying coal from the River Meuse to the extensive 
works of the Societe John Cockerill, Seraing, Belgium. 

One of the best applications of this system to blast-furnace 
plants in the United States may be seen at the works of the 
Bufltalo Furnace Co., Bulffalo, U. Y., where vessels bringing 
Lake Superior ores are unloaded at the rate of 2500 to 
3000 tons a day, and the ore is distributed by wire tramways 
to different points in the stock-house, some 2000 feet away. 
In connection wdth quarries and mines, the system is sue- 
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Brown Conveying- Apparatus, Duquesne Furnaces. 
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Brown Conveyiiig-Apparatus, Duqiiesne Furnaces. 



Fig. 21, 
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Brown Conveying- Apparatus, Duquesne Furnacej 



20 THE HANDLING OF MATERIAL AT THE BLAST-FURNACE. 



Transfer-Car and Ladle. 




Weimer Cinder Car» 



Fig. 29. 



Ueliling Ciisting-Macliiiie. 


Fig. 30 . 
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Howden Slag-Convejer ; End Nearest Furnace. 




Fig. 31 . 
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Howden Slag-Conveyer, as seen from Cast-House. 
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cessfully operated at maiij’ places in this country, as well as in 
Europe. 

The manner of handling ore at the Duquesne furnaces of the 
Carnegie Steel Co., Ltd., is clearly shown by illustrations, Figs. 
19, 20, and 21, for the use of which I am indebted to Mr. 
Alexander E. Brown, of the Brown Hoisting and Conveying 
Machine Co. The gantry cranes, or bridge-tramway machines, 
are operated by electricity. They have a clear span of 233 
feet, covering the stock-yard, and a cantilever extension of 33 
feet additional, covering the trestle-tracks. The bridges will 
clear a stock-pile 58 feet high. These cranes remove the ore 
from the cars, depositing it in the stock-yard, using for this 
purpose self-tipping ore-tubs ; or, they carry the ore from the 
stock-pile to the charging-hoppers. For this work automatic 
shovels, designed and patented by the Brown Hoisting and 
Conveying Machine Co., take the place of the self-dumping 
ore-tubs shown in these illustrations. The working-capacity of 
each crane is from 1500 to 2000 tons of lake-ore per day of ten 
hours. 

The facility with which power may be distributed to any 
part of the stock-yard or plant by means of electric motors, 
opens a new held for ingenuity in devising labor-saving appli- 
ances. All breaking and screening of material by manual 
labor should be a thing of the past. Electrically-driven con- 
veyiiig-belts, a good form of which is described by Mr. Thomas 
Eobins, Jr., in the Transactions for 1896, vol. xxvi., p. 78, 
should take the place of the wheeling of materials from inac- 
cessible portions of the yard. Electrically-driven slow-moving 
bucket-elevators may be placed anywhere around the plant 
without the old-time consideration for distance from steam-sup- 
ply, and will handle and dispose of coal, coke-dust, ashes, flue- 
dust, sand or clay economically and promptly. The electric 
traveling-crane, which should cover every modern cast-house, 
will handle, at a nominal cost, heavy castings, such as bells, 
hopper-rings, hearth- and bosh-plates, iron- and cinder-troughs, 
chills, and other spare parts requiring periodical renewals. It 
will raise the worn cinder-cars from their trucks and re- 
place them in a small fraction of the time generally consumed 


* See Trans. f xix., 760, and xx., 766, for description of its construction and use. 
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for this oporation. It will, if desired, remove the entire pro- 
duct ill the form of pig-beds from the casting-floor, and may 
give invaluable assistance in cleaning up a wreck, break-out or 
boil of iron, and thus save the exasperating delay and disorgani- 
zation of labor, with which all who have been practically en- 
gaged around a furnace-plant are so unpleasantly familiar. 

Comparing the methods for bringing the stock to the fur- 
nace tried at different plants, and the results obtained by them, 
it seems that a combination of some suitable form of the Brown 
hoisting- and conveying-machine, ndth traveling steam-shovels 
for reloading the ore, hopper-storage for coke and flux, electric 
transfer and a good form of the inclined skip-hoist, raising a 
large portion of the charge on each trip, would represent the 
most effective arrangement which the present state of the art 
will permit. 

It is worthy of note, that while the stock-yard, storage, trans- 
fer arrangements and hoist, have been improved step by step, 
the cast-house, generally speaking, remains to-day in exactly 
the same condition as that of the old-time charcoal-furnace. As 
we have forced the furnace to an increased output, our only 
resource seems to have been to build additions to the cast- 
house, and make more frequent casts. But we still continue 
to break up the pig-beds with the crow-bar and hand-sledge ; 
we carry the iron, piece by piece, from the casting-floor to the 
car by manual labor, we form the mould for receiving the iron 
anew for every cast, with a large expenditure of labor and loss 
of time, which we can hardly afford — all in the same manner 
as a generation ago. But it does not follow that this part of 
the furnace-plant has been neglected, hut rather, that the diffi- 
culties encountered in devising practical improvements have 
been, at least until very recently, too great to be overcome. 

Among the few improvements in the method of casting, the 
use of iron chills is the oldest. The chills save labor, espe- 
cially while new, and facilitate the breaking of the pig-beds ; hut 
they are high in first cost, reduce the capacity of the casting- 
floor and close the grain of the iron. They will, thereflu’c, 
never be used for foundry-iron, until our foundrymeu consent 
to buy their metal on analysis instead of on fracture, as at 
present. The life of the chill is only from one to three years, 
depending partly upon the quality of the metal, partly on the 
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amount of patching and building up, that the furnace-manager 
is willing to have done before condemning a defective chill. 
It is, therefore, an o^Den question, whether money is lost or 
made by casting in chills. In most cases a slight saving can 
probably be shown. For basic iron, chills are valuable, as they 
leave the pigs free from a siliceous coating of sand. When 
Sunday-iron only is handled in the east-house, the saving by 
the use of chills is also more marked. 



Thomas Furnace-Charging Apparatus. 


The direct-metal process, or the running of the liquid iron 
into ladles to be carried to a receiver, or direct to the Besse- 
mer converter, is a radical improvement. in the method of dis- 
posing of the metal, but its scope is limited, as it can be used 
only in conjunction with a steel-plant ; and even then the metal 
produced while the steel-works are idle, briefly named the Sun- 
day-iron, must be taken care of at the furnace, for which purpose 
labor and casting-floor must be kept in readiness. It is often 
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an awk^vard problem for the manager profitably to employ tins 
rcsorve-foree, 'which iHO.y be called on at any nionieiit. 

22 shows an approved form of an 18-toii transfer-ear and 
lad^ as used by the Maryland Steel Company and recently 
adopted by the Cambria Iron Company, the Cleveland Rolling 
Mill Company, and the Pennsylvania Steel Company. 

The Dowdais Iron Company has introduced a device, invented 
by Messrs. Edward Evans and Enoch James, by means of which 
the handling of the metal is greatly simplified. The well-built 
furnace-plant at Cardifi:* consists, as above stated, of four furnace- 
stacks making Bessemer iron for the extensive acid open-hearth 
plant connected with the works. It may be considered as the 
exponent of the modern English furnace-plant. In front of the 
furnaces is located the uncovered casting-floor, intersected by 
curving, depressed cinder-tracks, which leave the casting-beds 
for each furnace in an irregular shape, unusual to the American 
eye. An elevated traveling-crane runs from one end of the 
plant to the other, on tracks parallel with the furnaces, and en- 
tirely covering the casting-floors. The pig-moulds and runners 
are formed in sand to wooden patterns. When the metal, cast 
into pig-beds, has cooled sufficiently to stand handling, the beds 
are successively lifted out of the sand by means of the traveling- 
crane and carried to the end of the track, where they are stacked 
or delivered directl}" to the pig-breaker, the principle of wdiich 
is showm by the figure. It consists (see Figs. 23, 24, 25 and 
26) of a heavy cast-iron frame a, the upper part of which carries 
four hydraulic cylinders: (1) The horizontal cylinder wdiich 
wmrks two pawls A*, nsed for feeding the pig-beds to the breaker, 
and moving it the width of three pigs at each stroke; (2) tlio 
horizontal cylinder o^, wdiich operates a clamping-block liy 
means of wedges n (shown separately in detail), intended to 
hold the sow^ firmly against the lower part of the train e; (8) 
the vertical cylinder by with the inverted plunger r, wdiich 
carries three breaking-heads e, at different levels (this ])luiiger 
successively detaches the three pigs from the sow*^ and breaks 
them in the center) ; and (4) the vertical inverted cylinder r, 
the plunger of which breaks the overhanging portion of the 
sow. The vertical cylinders are counter-balanced, so that thedr 
plungers rise to their highest position, when pressure is cut. off. 
The four cylinders are operated by one man. The bed is placed 
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by tbe overhead traveling-crane, or by an auxiliary jib-crane, 
with the front end resting on frame a, while the rear end is 
supported by truck h The pawls feed it to the breaker until 
the entire bed is broken. The pieces of iron slide down an in- 
clined apron to the wagon placed below the breaker. The 
machine does very good work. At the time of my visit only 
two furnaces were in operation, producing together about 400 
to 450 tons of iron per day. It was reported that four men on 
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Thomas Charging-Apparatus ; Arrangements for Dumping at Tunnel Head. 

each turn did all the work on the two casting-floors. Two 
men and two boys, on day-turn only, handled, broke and loaded 
the entire product. The handling of the iron in units of beds, 
weighing from 2| to 3 tons, instead of pigs weighing from YO 
to 120 pounds, is undoubtedly a step in the right direction. 

As improvements in the method of dealing wdth the iron, 
two auxiliary machines for opening and closing the tap-hole de- 
serve special mention. 
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The tap-hole drill, a pneumatic rock-drill, guided by a strong 
frame and fed by a pneumatic cylinder, has been described by 
the im-entor, Mr. David Baker, in the Transactions for 1892, 
vol. xxi.,page 588. The tapi-hole closing-machine, invented by 
Mr. Samuel Vaughen, is shown by Dig. 27, in the form in which 
it is used by the Maryland Steel Company. It consists of a 
pneumatic cylinder controlled by a plain side-valve. In front 
of the air-cylinder is bolted a second cylinder, which is filled 
with balled stuff or clay, such as is used for closing the tap- 
hole. The clay is forced out of the nozzle of the forward-cylinder 
and driven into the tap-hole by advancing a plunger fastened 
to the protruding end of the air-cylinder piston-rod. 

Both the drill and the closing-machine, which is popularly 
known as the “ gun,” are swung from light cranes fastened to 
the furiiace-columns, and are held in position, while at work, 
by suitable, easily detachable clamps and hooks. Together 
they have proved themselves time-savers, and a. very valuable 
aid in controlling the flow of the metal from the furnace. With 
their aid, a cast 'em he made, without the blast being taken off 
the furnace. 

The problem of designing a practical machine for the con- 
tinuous or interrupted casting of blast-furnace metal has re- 
ceived considerable attention. Several patents for various 
contrivances, indicating the widely-felt need of such a machine, 
have been granted, but until a short time ago none ot them 
had received a practical demonstration. The advantages to he 
gained, from an economical and metallurgical point of view, 
by the production of clean, uniformly-sized, saud-frec pig-iron 
have been ably and forcibly presented by a member of the In- 
stitute, Mr. Henry D. Hibbard, in his paper on this subject, read 
before the British Iron and Steel Institute in 1896. Since this 
paper was published experiments have been in progress, result- 
ing in the evolution of the Hehling machine for casting, con- 
veying and automatically loading blast-furnace metal, which is 
now in successful operation at the Lucy furnaces, Pittsburgh, 
and, on the strength of its performance there, Inus been 
adopted to replace the system of sand-casting and pig-hroaking 
hitherto used at the Duquesne furnaces. 

The ITehling machine, Fig. 29, consists of two endless chains 
about 99 feet long from center to center of the end sprocket- 
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wheels. To the links of these chains are bolted a series of iron 
moulds or buckets, with edges overlapping one another, so as to 
form a continuous casting-platform, moving at a rate of about 
15 feet per minute. The machines are worked in pairs, two lines 
of moulds traveling side by side. The iron is run from a 
ladle-car through a T-shaped trough into the slowly-advancing 
moulds. By tilting the trough one way or the other the flow 
into the two lines of moulds is regulated to a nicety. At the 
end of six minutes, when the filled moulds have reached the 
end of the conveyer, the pigs are sufficiently cooled to permit 
their being dropped from the casting-machine upon a conveyer, 
which carries them through a cooling-tank filled with water, 
and delivers them directly on the railroad-ear ready for ship- 
ment. To promote the cooling of the pigs while in the moulds 
they are sprinkled with water, which is so regulated by a re- 
volving distributer that the force of the water is directed at 
all times towards the center of the advancing pigs, while the 
moulds themselves are, in a measure, protected from the cool- 
ing action of the spray. The empty moulds, returning to the 
casting-trough, are coated with lime-wash, thrown against them 
in the form of an atomized spray, which insures an even and 
strongly adhesive coating of the inner surfaces of the moulds. 
The moulds are made of soft gray iron. They are 22 indies 
long, 12 inches wide, and 7 inches deep, and have a thickness 
of metal of | inch. The life of a mould, so far as past experi- 
ence indicates, is about 45 days of continuous work. One 
double casting-machine, as described above, and shown in Fig. 
29, readily handles one ton of metal per minute. The largest 
cpiantity of iron cast in one single day has, at this writing, l)oen 
729 tons, which represents the daily output of the two Lucy 
furnaces. 

The cooling-conveyer is built of |-inch steel plates riveted 
to two endless link-chains, forming a smooth platform, on 
which the yet red-hot, though solidified, pigs drop from the 
moulds. The carrier is depressed, passing through a cooling- 
tank filled with circulating water, during the passage th rough 
which the pigs are thoroughly cooled. The further end of the 
conveyer takes an upward course, and delivers the pigs di- 
rectly upon the shipping-car, without any manual labor what- 
ever. For the data given above I am indebted partly to Mr. 
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James Scott, superintendent of the Lucy furnaces, and partly 
to Mr. James 'W. Miller, special agent for Uehling’s method for 
casting and conveying metal. 

The importance of this new development and its effect on 
the arrangement of the future blast-furnace should not be over- 
looked or underrated. It would seem as if the metal should 
be run from the blast-furnace into a mixer or receiver heated 
with furnace-gas and of sufficient capacity to hold at least two 
casts. From this mixer it should be cast directly into the 
moulds of the casting-machine. "With a sufficient receiver- 
capacity, we may safely dispense with the expensive cast-house 
and with the host of men employed therein, and at the same 
time we should obtain a more uniform metal, and may tap the 
furnace at any time we choose. From a metallurgical point of 
view the advantages thus secured are equally worthy of con- 
sideration. 

Sand-free pig-iron is imperatively demanded by the basic 
open-hearth process. The sand adhering to the iron in the 
form of free silica is far more destructive to the basic lining 
than is the silicon chemically combined in the metal. For 
sand-free metal the limit specified for the amount of Si in the 
pig may therefore be liaised, admitting for use many grades 
and makes of iron, which, if cast in sand, would be unlit for 
the basic open-hearth process. The same observation applies to 
iron used in the puddling process. In the Bessemer works and 
foundry, in short, wherever the iron is melted in a cui)ola, 
absence of sand, while not aftecting the composition or metal- 
lurgical value of the metal, effects a marked saving in flux, in 
fuel, in iron-loss in the slag, and in the labor of bringing the 
considerable quantity of sand to the cupola and the slag away 
from it. One ton of pig-iron cast in sand weighs, commercially 
speaking, 2268 pounds, while 2240 pounds is the accepted 
weight of one ton of sand-free iron. It is now customary to 
pay a premium of about 25 cents per ton for iron cast in chills, 
over and above the price for the same iron cast in sand. Yet, 
the iron cast in chills is far from sand-free, as the chills arc sel- 
dom perfect, being more or less patched with sand; and, be- 
sides, some sand is carried from the sand-runners and adheres 
to the iron. If metal cast in chills is at a premium, metal cast 
in the casting-machine, and therefore absolutely sand-free, 
should command a yet higher premium. 
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Many of our foundrymen, who are compelled to work with- 
out the aid of a laboratory, and who have been trained to judge 



their iron and to make up their mixtures from the appearance 
of the open fracture, will undoubtedly object to the casting in 
chills, which deprives them of their accustomed guide for con- 
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ducting their operations. But if the foundryman would follow 
the example of the blast-furnace manager, who invariably 
judges his metal from the appearance of the fracture of a sam- 
ple cast in an iron chill, he would find such a fracture more re- 
liable and less variable than that of the slowly-cooled sand-pig. 



Besides, it is to be hoped that the progress of the iroii-eastiiig 
industry Avill be such, that before long the assistance of' the 
chemist and the laboratory will be as helpful and indispensable 
in the foundry as it is to-day in the steel-plant or at tbe blast- 
furnace. 


Dowlais Pig-Breaker. 
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In dealing witli the blast-fnrnaee cinder, onr methods to-day 
are nearly perfect. As late as in 1883 it was still customary at 
most blast-furnaces to form rough moulds in slag, on what used 
to be called the cinder-wharf. Into these the hot cinder was 
run. It was broken before cooling and loaded on dump-cars 
by manual labor, or it was formed into round cakes, often with 
an iron staple cast into the center of each cake, for convenience 
in handling. The cakes were lifted by a swinging crane and 
loaded on cars. Men were required to prepare the moulds and 


Fig. 25. 




Dowlais Pig-Breaker. 


runners, to load the cinder, and afterwards on the dump to un- 
load the unwieldy masses. Cinder-cars with removable tops 
next came into use. The repairs to these cars were heavy, and 
considerable labor was required to remove and replace the 
tops, and to bar the cakes of cinder from the flat bottoms of 
the cars over the dump. Of late years the Weimer gondola 
cinder-car has been adopted by most progressive furnace-men. 

The latest form of a 200-cubic-foot Weimer car is shown in 
Fig. 28. It is lined cither with fire-brick or with cashiron 
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staves. The latter are said to be more durable. The repairs 
to these cars are very light, and they are so easily handled aud 



Yaughen’s Tap-Hole Closing-Machine. 
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cleaned that the problem of economically handling the blast- 
furnace cinder on the dump may be considered as solved. 

The Howden slag-conveyer is a successful machine designed 
for handling furnace-slag destined for road-ballast. It is an 
English invention, operated in this country under patents con- 
trolled by the Cambria Iron Company, of Johnstown, Pa. The 
conveyers are manufactured by Messrs. Pleyl & Patterson, Pitts- 
burgh, Pa., to whom I am indebted for data and illustrations. 
The function of the machine is to cast the slag automatically 
into shallow -pans of cast-iron forming an endless belt, and to 
cool and granulate the slag so east by water, delivering it on 
cars in proper shape for road-ballast. The illustrations, Pigs. 
30 and 31, show a recent form of the Howden conveyer, as 
installed at furnaces Nos. 1 and 2 of the Cambria Company. 
Fig. 30 shows the end of the conveyer nearest the furnace, 
and the end of the cinder-trough. Pig. 31 shows the conveyer 
as seen from the cast-house. 

The conveyer is 100 feet long from end to end of track. The 
pans are built of iron castings in three sections, bolted to one 
common shaft, fitted with supporting wheels, on which the 
pans roll over tracks constructed of heavy channels. The 
shafts act also as pins in the heavy link-chain which forms the 
conveyer. The pans overlap one another, so that no space or 
joint is left open, where the slag can enter and clog the con- 
veyer. 

For the first 25 feet from the end of the cinder-trough the 
carrying- wheels travel over a horizontal track ; they are then 
dej)rGssed in passing through a water-trough 25 feet long (see 
Fig. 31). The water in this trough is kept at such a level that 
it surrounds the pans without covering them, the object being 
to cool the slag without causing it to boil. The last 60-foot 
section of the conveyer-track has an upward pitch, sufficient to 
deliver the slag-cakes directly into the railroad-cars. "While 
ascending the slope the pans are freely sprinkled with water, 
which, however, does not cause a boil, as the slag in passing 
through the water-trough has been cooled sufficiently to form 
a crust over its surface. The empty pans return under the bot- 
tom of the water-trough and are thoroughly cooled before they 
again roach the mouth of the cinder-trough. 

Granulation of cinder by running it through a flow of water 
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deserves consideration. The granulated slag will find employ- 
ment as road-ballast, for slag-brick and for cement manufac- 
ture. 

Mineral wool, or blast-furnace cinder disintegrated bj^ steam, 
finds a yearly increasing market. 

After all is said, the problem of handling material at the 
blast-furnace can receive no general solution. Conditions vary, 
and wo must select in each case the means and methods most 
suitable; but, given the three vital necessaries, plenty of steam, 
plenty of wind and plenty of heat, then on the judicious and 
progressive solution of this problem depends the efficiency and 
success of the plant. 


The Cement-Materials of Southwest Arkansas. 

BY JOHN C. BRANNER, STANFORD UNIVERSITY, CAiaFORNIA. 

(Chicago Meeting, February, 1897.) 

Inquiries are frequently made concerning the chalk- and 
clay-beds of Arkansas, usually with a view to the mauuiaeturc 
of Portland cement. The chalk-deposits were first described 
by Professor E. T. Hill in the annual report of the GcoJo(jlc(tl 
Surve)/ of Arkansas for 1888, vol. ii., pp. 153-102. Since the 
publication of that report I have visited localities tlu^n un- 
known, and haAm accumulated considerable additional infor- 
mation concerning these deposits, all of which is brought 
together in the present paper. My report upon the clays of 
the State has neA^er been published; only a lew of the more 
conveniently available deposits are mentioned in the present 
paper. 

The Chalk-Deposits. 

Stratigraphic Position of the Chalk — The chalk-deposits of 
Arkansas belong to rocks of Cretaceous ago. The Cretaceous 
rocks are confined to a single definite area in Soutlnvest Arkan- 
sas. Beginning on the Ouachita river, a little northeast of 
Arkadelphia, its southern or upper margin follows a line about 
five miles southeast of, and approximately parallel to, tJic St. 
Louis, Iron Mountain and Southern Eailway from Arkadelphia 
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to tlie river-bottoms near the month of Bois cVArc creek on Bed 
river, about ten miles southeast of Fulton, and thence westward 
to a point between Texarkana and Red river. The lower and 
northern border runs westward from the same point on the 
Ouachita river past Hollywood, Clear Sj^ring, Brocktown, Mur- 
freesboro and Atwood to Ultima Thule. 

The chalks are not found throughout these Cretaceous rocks, 
but are, so far as is now known, confined to the Upper Creta- 
ceous. Professor Robert T. Hill, who has made a special study 
of the Arkansas Cretaceous, divides it into Upper, Middle and 
Lower Cretaceous, and places all the chalk-beds in the upper 
division, f 

The divisions made by Prof. Hill are based upon palseonto- 
logic evidence, which, for present purposes, is of local impor- 
tance only ; for, according to his correlations, the several chalk- 
deposits do not belong to the same subdivisions of the Upper 
Cretaceous. If Prof. Hilhs subdivisions hold over a consider- 
able area, the chalk-deposits are simply local variations of dif- 
ferent beds. 

In the main, however, the points at which chalk occurs lie 
in a belt which is on the general line of strike of the Creta- 
ceous rocks of the State, as will be seen by referring to the 
accompanying map. Fig. 1. 

The entire series of Cretaceous rocks was deposited in a sea, 
the northern border of which was originally somewhere north 
of the present northern border of the Cretaceous, probably at 
or near the base of the Ouachita mountains. They were laid 
down upon the upturned edges of the rocks of the Lower Coal- 
Measures. At the close of the Cretaceous the country to the 
north was elevated, the sea withdrew southward, and erosion 
began to remove the soft Cretaceous sediments. This erosion 
carried away all the northern margin of these beds, uncovering 
the palaeozoic rocks on which they were laid down, and carving 
the land-surface pretty much as we now find it. 

The Cretaceous rocks were in places so deeply decomposed 


* This approximate location of the upper limit of the Cretaceous is made upon 
the authority of Professor Gilbert B. Harris, of Cornell University. See his le- 
port upon the ‘^Tei'tiary of Arkansas,” pp. 18-20, and map. 

t Ann. Bep. Geol. Surv. of Ark. for vol. ii.; “The Neozoic Geology of 
Southwestern Ai'kansas,” by Kobert T. Hill, Little Kock, 1888, p. 188. 
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that the soil thus formed conceals the nature of the underlying 
beds. In other places beds of sediments were deposited on top 
of the Cretaceous ones. Some of these beds were thin, and 
when they were afterwards cut through by erosion the under- 
lying rocks were again exposed ; but in most instances they were 
so thick as to completely hide the rocks beneath. All these 
Mesozoic beds have a gentle southeast dip away from their old 
shore-line, so that those beds which crop out along the water- 
shed north of 'Washington, at Columbus and Saratoga, are at 
a great depth below the surface at Hope and Fulton. The 
streams hare in many places cut their way down through some 
of the Cretaceous rocks, and in their meanderings have pro- 
duced wnde valleys. The remnants of these beds may be seen 
occasionally in the tops of some of the hills. 

The chalk-bed at White Clifts has been cut through entirely, 
so that it now stands 130 feet or more above w^ater on Little 
river. On the Saline river, however, six miles due east, the 
same chalk-beds are at the level of that stream. 

It should be distinctly understood that chalk occurs in Ar- 
kansas only within the Cretaceous area above specified. One 
may occasionally hear of chalk-rocks ’’ or cotton-rocks ’’ in 
other parts of the State, but in no case are they true chalks. 
In the region north of the Boston mountains some of the mag- 
nesian limestones, sometimes called ^^cotton-rocks,’’ have l)een 
taken for chalks. In the same region a siliceous limestone 
often forms, upon partial decomposition, a spongy, soft, 'white 
rock that is occasionally taken for chalk. It is, however, almost 
pure silica instead of almost pure limestone. Again, within 
the Cretaceous area southeast of Murfreesboro, in Bike county, 
there are considerable beds of Avhite, soft kaolin that has bc^cn 
used in the schools as lump-chalk upon blackboards. In that 
neighborhood this kaolin is commonly knowui as chalk. At 
the northern end of Crowley’s ridge, in the northeast corner of 
G-reene county, is a place known as Chalk Blufls, on account 
of a white clay exposed at the base of the ridge at this place. 
Instead of chalk, the material is white pottery-clay, as is shown 
by the analyses given of it in Owen’s first report (p. 21). It 
contains less than 1 per cent, of lime. 

Aiopearancc , — The chalk of Southwest Arkansas has been 
known hitherto as ^‘rotten limestone.” This popular name 
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conveys a general idea of its ajDjiearance. Wherever it is un- 
covered it is soft and earthy in texture, is easily cut with a 
knife or scratched with the nail, and breaks up in eonelioiclal 
fragments ■when freshly exposed. It is cream-colored to white 
when dry, or has a grayish east when damp, and especially 
when uncovered below the surface of the ground. A micro- 
scopic examination of the chalk shows it to be composed prin- 
cipally of the calcareous skeletons of foraminifera. Like most 
limestones, the chalk forms a rich soil upon decay, and the ad- 
mixture of organic matter makes this soil Tery black and 
sticky. The famous “ black lands ” and “ black waxy lands ” 
of Southwest Arkansas are, indeed, due to the decay of the 
lime-bearing beds of the Cretaceous area. In some places these 
soils are in place, resting upon the rocks from which they arc 
made ; in other j)laces they have been carried down by water 
to lower levels and spread out over the “ bottoms.” 

Composition . — According to the books, chalk is “ a soft Avhite 
rock, consisting’ almost entirely of carbonate of lime in a pul- 
verulent or slightly consolidated state, and readily soiling the 
finsrers when handled.” The lime-rocks of the Cretaceous are 
not all chalks. ]\fany of them are too hard to be classed as 
such, and, though their composition would not exclude them 
from available material, their hardness is against them. The 
softer the rock the more easily crushed, and hence the chea[)er. 

All the analyses made of the chalks and of the associatcil 
rocks are brought together in Table L, (page 58). 

Attention should be directed to the fact that these analyses 
are not all of what are considered good chalks. They were 
made with a view to determining the nature and availability of 
the various beds, and they are all given as of some possible 
value in the efforts of practical ccmcnt-makers to seitle upon 
the best rock and to avoid undesirable ones. It will ])o seen 
that many of the samples show chalks high in lime and low 
in deleterious ingredients. The highest percentage of carbonate 
of magnesia found was 4.01 per cent.; the average is below 2 
per cent. 


Notes on Leading Deposits. 

The following details wull be useful to those who may have 
occasion to' locate or use the Arkansas chalks. I shall begin 
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with the westernmost exposures and follow them eastward as 
far as they are now known to me. 

JRoclcu Comfort . — The chalk-beds about Eoekj Comfort, Little 
River county, are among the best in the State. At that place 
they extend over the StateJine into the Indian Territory, and 
eastward they are exposed here and there over the rolling tim- 
bered country to and including Section 6 in 13 south, 31 Tvest, 
a distance of 10 miles. The chalk is not everywhere exposed 
along this belt, however, for most of the country is covered by 
gravels, sands and clays, from 3 to 6 feet thick, that conceal 
the Cretaceous beds. The nature of the concealed chalk-surface 
is sometimes shown by the character of the well-waters through 
the region. Some of the waters are hard, as would be expected 


Fig. 2. 



Diagram showing Wells of the Same Depth which Yield Different Kinds of Water. 


in a limestone country, but others are quite soft. The reason 
for this difference is shown by the section given in Fig. 2, which 
is sufficient explanation of the occurrence of two kinds of 
water near each other in wells of the same depth. 

The hills about Rocky Comfort are capped by gravelly and 
sandy clayey soil, beneath which, and sep>arating it from the 
chalk, is generally a bed of coarse pebbles. Three-quarters of 
a mile north of Rocky Comfort begins a poshoak the 
surface of which is a gray sandy clay, streaked with yellowq 
and containing a few small pebbles. This sandy clay overlaps 
the lower or northern edge of the entire chalk-area about 
Rocky Comfort. The chalk beneath these clays is dove-colored, 
but becomes cream-colored upon weathering. It is usually 
jointed, and the weathering begins along the joints. A wmll dug 
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at the old brick-yard in 12 south, 32 west, Section 8, southwest 
quarter, passes through the clays and enters the chalk. Chalk 
was struck also north of Flat creek in Section 6 of the same 
township and range. Holman’s well, in 12 south, 32 west. 
Section 18, southeast quarter, is 308 feet deep; 10 feet ot shaly 
limestone overlies a blue chalk, which crumbles after long ex- 
posure. At 160 feet there are three 6-inch layers of reddish 
sand. Mr. J. H. Means, who examined the country about Mr. 
Holman’s, thinks the shaly limestone at the top is decomposed 
chalk. In any case the chalk is more than 300 feet thick at 
this place, for the bottom was not reached. 

A well in 13 south, 31 west, near the center of Section 6, 
struck the chalk after passing through 6 feet of clay. At Mr. 
Malden’s, on the same section, the chalk was covered by 5 to 6 
feet of earth. At a depth of 33 feet the chalk was of a 
bluish-gray color, and fell to pieces after exposure to the 
weather. 

In 12 south, 33 west. Section 12, northwest quarter of the 
southwest quarter, a well dug on the low land struck the 
chalk at a depth of 8 feet. 

In the southeast quarter of Section 11 of the same township 
and range the chalk is exposed in a blutf. In 13 south, 32 
west, Section 1, northeast quarter, tire chalk is covered by 8 
feet of soil and clay. At the center of Section 3, 13 south, 32 
west, a well 33 feet deep did not strike the chalk. Wells dug 
near the eastern boundary' of the chalk-belt show that the chalk 
is covered by 8 to 10 feet of soil and clay, and that the rock is 
compact and bluish wherever it is penetrated. 

At the residence of Col. A. H. Hawkins, east of Hocky Com- 
fort (12 south, 32 Avest, Section 27), a Avell 57 feet dcc[) is in 
chalk for almost the entire distance. A sample of this chalk 
was examined chemically with the results shown in Table I., 
Analysis Ho. 4. 

The tAvo samples, Hos. 2 and 3, Table I., wore taken from a 
gully in the southern part of the tOAvn of Rocky Comfort; 
they Avere about 2 feet apart when in place, and the only differ- 
ence apparent in them was that of color, Ho. 2 being cream- 
colored and Ho. 3 bluish-gray. The analysis suggests that this 
difference A\ms partly due to Avater. 

From a personal examination of the chalk-beds about Rocky 



THE CEMENT-MATEEIALS OF SOUTHWEST AEKAIfSAS. 


49 



Cliffs Landing. 



50 TEE CEMENT-MATERIALS OF SOUTHWEST ARKANSAS. 

Comfort, I came to the conclusion that there were about 800 
acres of the best white-chalk land in that region that could be 
quarried with little or no stripping of the overlying clays. 

^Yhlte mite Cliffs landing, on the left bank of 

Little river, is a notable exposure of chalk (see sketch, Fig. S). 
This exposure is in Little River county, 11 south, 29 west, 
Sections 25 and 36. At this place Little river cuts close to 
its left bank and leaves exposed a bluff of limestone and chalk 
about 130 feet high. The chalk proper forms the uppermost 
bed in the section, and is here about 30 feet thick, with a 
maximum of 40 feet. 

Ill 11 south, 29 west, Section 35, northeast quarter of the 
northeast quarter, is the section shown in Fig. 4. 

The lower 100 feet contains a good many fossil oysters, and 


Fig. 4. 



is not so pure as the 30 feet overlying it. In places the bed 
immediately beneath the chalk is sandy; this is shown at the 
base of the cliff at Kinsworthy’s old lime-pit, a short distance 
north of the cliffs. Dr. F. Drake, who lately visited White 
Cliffs, records the foliowring section of the bods beginning at 
the top of the cliff: 

(1) 20 feet massive ^vhite chalk. This bed is probably 30 
feet to 40 feet thick, but only 15 feet to 20 feet is exposed. 
This is the bed to be used for cement, etc. 

(2) 10 feet of almost white pure chalk, writh three hands of 
more arenaceous rock. 

(3) 25 feet of rock, harder, whiter and less arenaceous than 
No. 4. 
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(4) 10 feet of rock, harder, whiter and less arenaceous than 
1^0. 5. 

(5) 20 feet of light-gray arenaceous massive limestone or 
chalk. Ostrea vesicidarisQ) common, especially abundant at 
the top. 

(6) 30 feet to the river. 

The rocks at White Cliffs landing dip southeast at alow angle, 
so that the bluffs adjoining the bottom-lands to the south cut 
off the chalk-exposure in that direction, while the general dip 
brings them to an end within a short distance northward. That 
they do not extend northward very far is also shown by the 
well put down at Col. Coulter’s house, about a mile and a half 
north and a little east of the White Clifts landing. This well- 
section is as follows : 

Section of Well Bored at Z). B. Coultefs^ One and One-Half 
Miles North of White Cliffs, 


Feet 

Waterworn gravel, .... .... 8 

Clay, 30 

Blue lime marl, 200-j- 

White sand, water-bearing, 


Analyses I^'os. 13 to 18, inclusive, Table L, show the compo- 
sition of the White Cliffs beds. Sample No, 14 was taken by 
Prof. P. T. Hill ; the others were collected by myself with a 
view to getting average specimens, but the material was not 
systematically sampled. 

The White Clifts locality is six miles in a direct line from 
the main line of the Kansas City, Pittsburg and Grulf Railway, 
but a branch line has lately been built from Wilton to White 
Cliffs. This gives these deposits a considerable advantage they 
have never before had. Transportation by water is possible 
during much of the year, but the fact that it could not be de- 
pended upon the year round has always stood in the way of the 
working of the chalks at this place. With the railway in opera- 
tion the whole year, and the river available a part of the year, 
the conditions are favorable for extensive development, if rail- 
way rates are not prohibitory. 

The river-transportation will connect with other railways and 
markets at Pulton, Ark., at Shreveport, La,, and at Hew 
Orleans. 

Saline Landina, — Saline landinar is six miles due east of White 



52 THE CEME^^T-MATERIALS OE SOUTHWEST ARKANSAS. 


Cliffs. At the latter place the chalk is on the top of a bluff 
100 feet above water, ^vhile at the former it is at the water’s 
edge, and the country in the immediate vicinity is low and ffat 
or rolling. I have no doubt, however, that the chalk at^Vhite 
Clifts and that at Saline landing are the same bed. The soutln 
east dip of the rocks at White Clift's and erosion \vill readily 
account for the difference in elevation at the two points. 

Eig. 5, a north-south section through Saratoga (11 south, 27 
west, Section 83), shows the general geology of that region. 
Saratoga is on a hill about 400 feet above the bottom and over- 
looking the surrounding country. 

Saline landing is four miles west of Saratoga on W est Saline 
river, and the chalk-beds showm in the section are exposed at 
the latter place and thence strike a little north of east, skirting 
the bottom-lands of Plum creek. East of this they are either 
concealed by soil or these particular beds thin out and do not 
appear again in the form of chalk. 

Fig. 5. 



At Saline landing the bottoms extend w^est of the river un- 
interrupted, so far as is known, to Little river. On the oast 
bank of the stream there is a bank of chalk about 20 feet high 
exposed for a distance of 300 feet. These beds dip south at an 
angle of from three to four degrees. 

This same chalk is exposed in the deep gullies just east of 
the stream. 

Several years ago three wells were drilled just east of the 
stream on the farm of which the landing is a part. 

The first of these wells passes through the following : 

Record of Well Bored at Saline Landing, 


Soil and clay, 25 feet. 

Erown sand, 1 foot. 

'White chalk, 140 feet. 

Blue marl, 290 

Sandy bed with pyrites, 10 inches- 

Sand in bottom of well. 


Depth = 456 ft., 10 in. 
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The following is the record of another well three-quarters of 
a mile northeast of the landing : 

JRecovd of Well Bored Tltree-quarters of a Mile Northeast of 
Salme Landing, 

Soil, 1 foot. 

'White chalk, 110 feet. 

Blue marl, ‘277 

Sandy bed with pyrites, . . . . . .10 inches. 

Sand in bottom. 

Depth = 388 ft , 10 in. 

A thickness of 20 to 30 feet of the chalk is also exposed at 
this last place. 

The first of these well-sections seems to show that the chalk- 
bed is at least 140 feet thick. The second record gives a 
smaller thickness of the same bed because it is more eroded at 
that point which is aw^ay from the dip. 

Analyses l^os. 10, 11 and 12 show the composition of the 
Saline landing chalk-beds. 

Sample ISTo. 12 was taken from a bed IJ feet thick, exposed 
on the creek bank at the landing, that slacks or breaks up 
more rapidly than the rest of the deposit. 

The chalk strikes east and a little north from Saline landing. 
For the most part it is concealed by the black soil formed by 
its decay. 

It is exposed about 1 J miles northwest of Saratoga, where it 
forms gently rolling lands. The thickness here is from 30 to 
50 feet, and it grades into the overlying marl-beds, which are 
210 feet thick. The bottom of the chalk is not exposed at 
this place. From this point the chalk is exposed eastward to 
a point about two and one-half miles northwest of Columbus. 
The bed appears to be of even quality, but it seems to thin 
out towards the east. Two miles north of Columbus a gully 
exposes about 5 feet of the chalk. East of this point the chalk- 
bed of White Cliffs and Saline landing does not seem to be 
exposed. 

Outcrop of the Saratoga Chalk, — The chalk-limestone beds east 
of Saratoga, west of Columbus, north of Washington and thence 
eastward to near Arkadelphia are above the upper White Cliffs 
chalk-bed. But inasmuch as the appearance and composition 
of these rocks seem to be such as to make them available at 
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some places for the manufacture of Portland cement, their com- 
position and their general distribution east of Saratoga are 
here given. The stratigraphic relations of these upper chalks 
to the lower ones wdll be seen by referring to the section given 
ill Fig. 5 of the roeks at Saratoga. The White Clifls beds are 
shown at the bottom of that section. These are followed above 
by a series of beds marked in the section as Saratoga chalk, 
calcareous sandstone, greensand marl and sandstone. The 
chalk is exposed just west of Saratoga. One mile west of 
Columhns these beds are 25 to 30 feet thick. 

The section in Fig. 6 is not a detailed one. Dr. K. F. Drake 
gives me the folloAving as the general sequence of the beds 
above the White Cliffs chalk from. Saratoga eastward, as shown 
by his examination of the geology of the region in question : 

(1) Top of the hill at Saratoga* sands. 

(2) 100 to 200 feet of sandy black marl. 

(3) 20 to 40 feet of rotten limestone. 

(4) 10 to 50 feet of bluish yellow marls. 

(5) 15 to 20 feet of rotten limestone with Ostreavesicidaris, 

(6) 200 feet of yellowish marls with Exogyra ;ponderosa at the 
top. 

(7) "White Cliffs and Saline landing chalk. 

Ill 11 south, 27 west, Section 35, northeast quarter of the 
northeast quarter, on the farm of Thos. L. Jones, the rocks of 
the fossiliferous chalk are exposed. Samples sent from that 
tract by Mr. Jones were analyzed with the results given in 
Table L, ISTos. 22 and 23. Mr. Jones says some of the rock is 
of a bluish color, hut it bleaches on exposure and finally drops 
to pieces. The samples analyzed are from near the surface. 

J?ialgses of Fossiliferous Chalks from the Farm of Thos, L, Jojics, 


Loss on ignition, CO 2 , 

etc., .... 

I, 

Per cent. 

. 34.050 

II. 

Per cent. 
40.355 

Silica, Si 02 , , 

.... 

. 16.617 

6.002 

Iron oxide, Fe-iOs, 


. 1.512 

1.218 

Alumina, AI 2 O 3 , . 


. 5.343 

2.785 

Lime, CaO, . 


. 41.370 

49.894 

Magnesia, MgO, . 


. 0.988 

0.732 

Sulplmric acid, SOa, 


. 0.000 

0.000 

Potash, K 2 O, 


. trace 

0.000 

Soda, MasO . 


. trace 

trace 
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I. — Specimen from giilly near surface, 11 south, 27 west. 
Section 35, northeast quarter of the northeast quarter. 

II. — Specimen from block plowed U23 in field, same section 
and quarter. 

Mr. Jones tells me that a similar rock is found in the north- 
east quarter of Section 32, in the west half of 27, and in the 
west half of 26. 

The Upper or Saratoga Chalk near VTasldngton . — The outcrop 
of the upper or Saratoga chalk-bed is not continuously exj)osed 
for any great distance ; it is for the most part concealed by soil 
or by an overwash of soil, sands and gravels. The exposures, 
however, show that it extends from the face of the hill, just 
east of Saratoga, to Columbus, this latter town standing on or 
very near its northern margin. From this place it strikes in 


Fig. 6. 

N s 



the direction of Washington, but about a mile west of that town 
it swings northward and crosses the railway on top of the water- 
shed between Washington and Ozan. 

The diagram. Fig. 5, giving the succession of rocks at Sara- 
toga, shows also the succession for Washington and the beds 
underlying that j)lace. A section at Washington is shown in 

Fig- 6. 

It will be seen that the sections are geologically identical. 
At Washington, however, the chalk-beds are exposed in the 
railway-cuts on the water-shed north of and higher than the 
toAvn, while at Saratoga they are at the base of the hill that 
slopes away to the north, and are lower than the town. 

The Washington exposures examined are in the railway-cuts 
in 11 south, 25 west, about Section 9, about 2| miles north 
and a little west of Washington. Approaching the exposuves, 
by the railway-track from the south, the first one shows 7 feet 
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of light-gray chalk at the top of the cut and 4 feet of leaden- 
gray beneath, without the bottom of the bed being seen. 

The light-gray color of the upper chalk seems to be due 
largely to weathering ; there is, at least, a close contormity of 
the parting line between the two colors and the contour of the 
exposed surfaces. The freshly-quarried stone stands with angu- 
lar faces like a hard rock, but it breaks dowm rapidly under 
the influence of the weather. Large, fresh blocks taken from 
the cut and exposed for one year disintegrated and broke dowm 
like so much clay, and the face of the cut within a year came 
to look more like a bank of clay than a hard rock-face. 

Analyses hTos. 6, 8 and 9, Table L, show the composition of 
average samples taken from the above-mentioned cut. 

In the next railway-cut (the one just south of the eut-oflf 
made in shortening the railway-track) the rock is less even in 
texture and has hard spots caused by fossil Cephalopods and 
Lamellibranchs. A thickness of 10 feet is exposed in this cut. 
The rock is bluish-gray towards the bottom of the exposure and 
of a lighter gray at the top. It all disintegrates upon exposure, 
but not so rapidly as does that in the first cut mentioned above. 

No. 7, Table L, is an analysis of the fossiliferous chalk in 
this railway-cut, made by Dr. A. E. Menke. 

The exposures on the railway deserve especial attention on 
account of their being immediately accessible to railway trans- 
portation. 

From the point where the chalk crosses the railway north of 
Washington it runs in a nearly straight line to a point about 
half-way between Marlbrook and Wallaceburg, where it is cut 
ofi‘ or concealed by the overlying sandy beds. Between four 
and five miles northeast of Washington the chalky bed is about 
40 feet thick and seems to be of uniform character. It is 
capped by about 100 feet of bluish, sandy clay, above which is 
from 50 to 70 feet of a still more sandy bed. Four miles south- 
southwest of Wallaceburg it is still forty feet thick, but the bed 
as a whole varies somewhat. The central part of the bed is 
somewhat more argillaceous and has more fossils, and the upper 
four feet have less sand. East of Wallaceburg the upper chalk 
next appears at and about Okolona. This locality I have not 
examined personally, but Dr. N. F. Drake, who has visited it 
for me, says that the chalk similar to that at Saratoga and north 
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of 5rV asliingtoii is exposed in the old fields half a mile south 
and southwest of Okolona, where it has been eroded so that 
the total thickness is not to be seen at that place. From two 
to three miles south of Okolona the full thickness of the bed — 
20 to 30 feet — may be seen. Here it caps the higher hills. 
From 3 to 3 J miles south of Okolona the bed dips to the south 
and disappears beneath gray marls. In this vicinity the mate- 
rial seems to vary in character a little more than usual at dif- 
ferent horizons, some beds weathering more rapidly than 
others. The analyses of samples taken from the beds that 
break down more rapidly than others upon exposure leave one 
in doubt about the reason for this peculiarity. In the case of 
the Saline landing specimens, it was expected that the cause of 
this disintegration would be readily detected, especially in view 
of the sharp contrast between the rocks analyzed. In any case 
this disintegration of the chalk, until otherwise demonstrated, 
must be looked upon as a valuable peculiarity, as it will render 
the crushing of the rock less expensive. 

A mile west of Dobyville this chalk outcrops along the 
Okolona-Dohyville road just below a sandy bed. It is about 
25 feet thick here, and somewhat harder than usual. The 
lower 20 feet is quite uniform in character. At Dobyville 
there is about 100 feet of marl above the chalky bed, the out- 
crop passing just north of that town. East of Dobyville it is 
cut off by the bottoms of the Terre IsToire. East of these bot- 
toms it follows a broken course past Mt. Bethel church, east of 
which it has not been located. About five miles west of Arka- 
delphia, and just below the Rome-Arkadelphia road, where it 
crosses Big Deciper creek, there is an exposure of 15 to 20 feet 
of the Saratoga chalk. Here it is quite sandy, and probably 
not more than one-fourth of the rock is limestone, even in the 
most calcareous portion of the bed. 

Where the road crosses the Little Deciper the top of this bed 
is at or near the level of the road, and the outcrop lies north of 
Mr. Haskins’s place. 

Little Deciper Deposits . — On the south side of Section 23, 7 
south, 20 west, where the Arkadelphia-Washington road crosses 
Little Deciper creek, 4 miles west and a little south of Arka- 
delphia, the chalky cretaceous beds are exposed on both the 
east and west sides of the creek. On the west bank these soft 
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beds are about 25 feet thick, with a few fossil bivalves exposed 
by weathering on the surface. Above the chalky bed is a bed 
of brown .sandy rock about 6 feet thick, and this is overlain 
by bright red overwash containing water-worn cobbles. These 
beds dip gently down the stream. 

Table of Analyses of Chalks. 

I give below all the quantitative analyses that I have had 
made of the Arkansas chalks, and also those made by Prof. N. 
W. Lord, of the Ohio State University, by Dr. Joseph Albrecht, 
of the United States Mint, Uew Orleans, and by Dr. Henry 
Froehling, of Richmond, Va., for the White Cliffs Portland Ce- 
ment and Chalk Company, and contained in the company’s pros- 
pectus, published at Hew Orleans in 1894. I do not know from 
what part of the beds the samples were taken. So far as I know, 
these are the only analyses that have thus far been made of 
them. 

Table I. — Analyses of Arkansas Chalks^ 

Giving Silica, Ferric Oxide, Alimina, Magnesia, Lime, Alkalies, Carbon Dioxide, 
and Water; also the {calculated) Carbonates of Lime and Magnesia. 


No. 

SiOo. 

FeoOj. 

AloOs 

MgO. 

CaO 

Allra- 

lies. 

CO 2 . 

Water 
atllu^- 
115^ C. 

CaCOa 

0 

p 

1 

9.77 

1.25 

* 

Trace 

49.55 


38.93 


88.48 



12.69 



< c 

46.87 


36.83 

1 22 

83.70 


3 

12.69 




45.38 


35.66 

2.04 

81.04 


4 

10.46 



It 

45.70 


38.28 

1.57 

86.98 


5 

8.91 



u 

49.82 


39.15 

1.26 

88. 97 


6 

24.49 

1.68 

6 27 

0.92 

84.63 

0.86 

29.95 


61.84 

L93 

7 

16.12 

1.62 

5.64 

0.42 

42.17 

0.41 

34.52t 



0 88 

8 

32.80 

1.45 

6.32 

1.91 

25.95 

1.66 

26.97f- 



4.01 

9 

32.39 

1.99 

6.63 

1.45 

25.61 

1.50 

26.10t 


45.73 

3.02 

10 

15.89 

1.40 

5.46 

0.60 

42,49 

0.35 

34. 61 1 


75.87 

1.26 

11 

5.69 

1.48 

4.22 

1.20 

48.72 

0.26 

38.64t 


87.01 

0.85 

12 

12.01 

1.06 

5.29 

1.21 

44.25 

0.32 

35.99t 


79.01 

2.50 

13 

10.35 

1.97 

3.02 


46.61 


36 63 


83. 2 4 


14 

3.49 

1.41 

* 

b!65 

52.74 


42.16 


94.18 

1.37’ 

15 

4.42 

1.03 

2,21 


53.36 


41.93 

3.81 

95.29 

16 

5.53 

1.34 

1.44 


51.71 


40 63 


92.34 


17 

7.76 

1.26 

2.58 


49.45 


38.85 

1.15 

88. 30 


18 

3.;^4 

0.89 

1.80 


52.78 


41.47 


94.24 


19 

5.04 

0.58 

3.26 



49.92 


39.23 


89.15 


20 

6.09 

1.20 

3.52 



49.24 


38.69 


87 .93 


21 

5.74 

0 48 

1.02 


50.91 


40. 00 


90.91 


22 

16.62 

1.51 

5.34 

0 99 

41.37 


34.051 


7 3. 87 


Ra 

5.00 

1.22 

2.79 

0.73 

49.89 


40.35t 

! 

89. <9 










i 



* Alumina included with iron oxide, 
t Loss by ignition, comprising carbonic acid and water. 




THE CEMENT-MATERIALS OF SOUTHWEST ARKANSAS. 


59 


1. Eocky Comfort. 2 and 3. Gully in south part of Rocky Comfort ; 2. cream- 
colored ; 3 bluish-gray. 4. Hawkins’s well, east of Rocky Comfort. 5. Rocky 
Comfort, weathered. 6 Upper (7 feet) bed in first railroad-cut, 2} miles north of 
Washington. 7. Analysis by Menke of fossiliferous chalk from second railroad- 
cut north of Washington. 8 and 9 Lower (4 feet) bed from first cut; l^o. 8 from 
north end. 10, 11 and 12. Saline Landing; No 12 a bed exposed on creek which 
slacks more readily than the others. 13. WHiite Cliffs, base of Kinsworthy’s 
ledge. 14. White Cliffs, sample taken by Prof. R. T. Hill on Col. Coulter’s 
farm, 11 S , 29 W., Sec 26 (‘^*), exact locality not known. 15. Do., from roadside, 
N.E. qr. of N.E. qr., Sec. 35, 11 S, 29 W. 16. White Cliffs, light-colored rock 
below the upper chalk- beds 17. Do , soft bluish chalk from beneath the chalk- 
beds. 18. Do., hard bed immediately beneath the chalk-beds. 19, 20 and 21. 
White Cliffs, precise locality not stated ; No. 19 by N W. Lord; 20 by Joseph 
Albrecht; 21 by H. Froehling. 22 and 23. Farm of T. L. Jones, 11 S , 27 W., 
Sec. 35 ; No. 22 from a gully, near the surface; No. 23 from a block plowed up 
in the field. 


Available Clays. 

Clays, to be available for the manufacture of Portland ce- 
ment, must, besides having the right composition, be suffi- 
ciently abundant, uniform in character and convenient to trans- 
portation to make them cheap and trustworthy. In no case 
with which I am acquainted are the surface-clays found in the 
immediate vicinity of the chalk-dejiosits to be depended upon. 
Such clays are, as a rule, too sandy and too thin, and, above 
all, they are not of uniform composition. Reference is here 
made especially to the leached sandy clays or “ slashes ’’ over- 
lapping the chalk-beds to the north and east of Rocky Com- 
fort, and the clays of the bottom-lands south and west of 
White Cliffs, and those south, north and west of the chalk- 
exposures at Saline landing. Fortunately, the Tertiary rocks 
which overlap the Cretaceous ones to the south and east con- 
tain an abundance of excellent clays available for the manu- 
facture of cement. Some of these clay-beds are already being 
utilized for the manufacture of pottery at Benton and Malvern 
(Perla switch). At these two points the beds are on the rail- 
way. There are many other deposits on and near the railway 
that are as yet unused, and, indeed, generally unknown. Such 
occur about Arkadelphia, Malvern, between Malvern and Ben- 
ton, between Benton and Bryant, at Olsen’s switch and at 
Mabelvale. At Little Rock also there are extensive beds of 
both clays and clay-shales, while scores of beds of clay-shales 
may be found along the line of the Little Rock and Fort 
Smith road to Fort Smith and beyond. 
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The Tertiary clays at Benton, Bryant, Olsen’s switch, Ma- 
belvale and Little Rock are all horizontal or nearly horizontal 
beds dipping gently toward the southeast. They can be had 
in many places by stripping olF a few feet of j^ost-Tertiai’y 
gravel and soil ; but in places the covering is too thick to be 
removed, and the clays can be had only by a system of drifts. 
In some instances the clay-heds are so nearly uniform in char- 
acter as to give rise to the idea that they have the same com- 
position throughout. This, however, is true only in a limited 
sense : the clays do not seem to vary within the small areas 
thus far worked, hut it is highly probable that they will be 
found to change to sands when a wide area is taken into con- 
sideration. 

This is not a serious objection to the deposits, however, as 
there is no possibility of the sujiply being exhausted. 

Co&t of Clays . — The lands through the region of Tertiary 
clays can probably he had for |10 an acre, and for even less 
than that, as they are generally of small value for agricultural 
purposes. In some places short switches can he built into the 
clay-hanks, and the clays can be shoveled directly from open 
cuts into cars. In case it should he necessary to haul to tlie 
railway, teams can he had for $2 a day, driver included, and 
labor at from 75 cents to f 1 a day, and outside of the farming 
season for even less. The employees hoard themselves and 
their teams. Hauling must he done in Arkansas mostly in the 
summer and fall, as the winter and spring rains usually make 
the common country-roads impassable. 

Location of Clays . — The following information regarding the 
local conditions of oeeurrenee may be useful to those seeking 
information about the Arkansas clays. Only a few of the 
many known localities are here mentioned. On account of the 
geographical relations to the chalk-beds, only those phieoa con- 
venient to railway transportation along the St. Louis, Iron 
Mountain and Southern Railway soutlnvest of Little Rock are 
spoken of in this paper. Should a factory, on account of fuel 
or for other reasons, be located west of Little Rock, clays de- 
rived from the Oarhoiiiferous clay-shales ivould have to be 
used. Of these there is no lack between Little Rock and 
Fort Smith. 

Clays at Little Rock . — There are two general classes of clays 
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at Little Rock available for cement-niannfacture : (1) tbe Ter- 
tiarij clays that occur in horizontal beds in the southern and 
southwestern part of the city; and (2) the Carboniferous day- 
shales exposed in the railway-cuts along the south bank of the 
Arkansas river, in the cuts west of the town, and in others 
west of Argenta. 

There are other clays about Little Rock and Argenta, such 
as the chocolate-colored clays along the margins of the river- 
bottoms, and the pinkish clays forming the high river-terraces 
and used for bricks on the north side of the river ; but these 
latter two kinds of clays are not available for cement-manu- 
facture, partly because they are too sandy, but also because 
they are not homogeneous. An analysis of the ]3ink clay of 
Argenta shows it to contain more than 83 per cent, of silica. 

The Tertiary clays were laid down, like the other Tertiary 
beds of Arkansas, as sediments in water. These strata were 
originally, and are still, very nearly horizontal. After the old 
sea-bottom was elevated, however, the ordinary erosion cut down 
and washed away these soft sediments rapidly, so that now 
there remains on the hills but a small part of the original 
beds, and these have been still further obscured by gravels, 
clays and soils that cover most of the region. The original 
bedding of these clays is to be seen only in a few deep gullies 
along the west-sloping hills in the western part of the city, 
and in the wells that penetrate them. They are of an olive- 
green to gray color, and upon exposure break up in small 
cuboidal fragments, or, when thoroughly wet, pack together 
closely. They are cut in several gullies in the southwestern 
part of the city, and are penetrated by many of the wells. 

The Carboniferous clay-shales are too well exposed in the 
railway-cut near the upper bridge, and where the electric 
power-house stands, to require descrij)tion. Similar shales 
may be found here and there over a large part of Pulaski 
county, within the Carboniferous area. 

The objection to these shales is that they require grinding 
before they can be used in cement-making, and the grinding, 
of course, makes them more expensive. 

Composition of the Clays , — The following analyses show the 
composition of the common run of the pottery clays and 
fuller’s earths of Arkansas. These analyses are of representa- 
tive sam] 3 les, and a reasonable assurance may be given that the 
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clays as found in place are as nearly liomogeneous as clays ever 
are. Most of them contain some sand, usually quite fine. In 
those cases in which the percentage of sand is given the 
analyses are of the washed clay. This table might be greatly 
extended, as I have anah^ses of a large number of the clays of 
Arkansas. These, ho^vever, will give a correct idea of the 
general nature of the clays. 


Table IL — Analyses of Typical Carboniferous Clay-Shales from 

Arkansas^ 

Gmncj Silica, Alumina, Fo ric Oxide, Lime, Magnesia, Soda, Potash, and Water. 


No. 

SiO.. 

AI 2 O 3 

FeoOs. 

CaO. 

1 

53.30 

23.29 

9 52 

0.36 

‘2 

62.36 

25.52 

2.16 

0.51 

3 

58.43 

22.50 

8 36 

0.32 

4 

65.12 

19.05 

7.66 

0.34 

5 

57.12 

24.82 

8.21 

0 72 

6 

55.36 

16 96 

5.12 

0.30 

7 

51 30 

24 69 

10.57 

0.32 

8 

69.34 

22.56 

1 41 

Trace. 


MgO. 


1.49 
0.29 
1 14 
0 31 
1.74 
1.16 
0.63 
Trace 


NaoO. 


2.76 
0 66 
1 03 
0.85 
0.53 
1.03 
0.72 
2.31 


KsO. 


1.36 
1.90 
2 IS 
1.23 
2 07 
2.69 
2.18 
0.04 


Water 


5.16 
5.32 
6.87 
6 12 
7.58 
7.Q0 
9 11 
5.12 


Total 


97.24! 
98 72 


100.52 


and ill 
Air- 
Dricd 
Clay 


21.88 


1, Clay-shale from railroad-cut at south end of upper bridge, Little Eock. 2. 
Decayed shale from Iron Mountain Eailroad-ciit, at crossing of Mt Ida road, 
Little Eock. 3. Clay -shale from Nigger Hill, Fort Smith. 4. From Harding 
Boucher’s quarry, Fort Smith. 5. Clay-shale from Eound Mountain, White 
county, Sec. 6, 5 N., 10 W. 6. From Clarksville, east of college. 7. FromS.E. 
qr. of S.W. qr., Sec. 31, 10 N., 23 W. 8. From N.W. qr. , Sec. 23, 1 N., 13 W. 

Table III. — Analyses of Typical Tertiary Clays from Arkansas, 


No 

SiOo. 

AI 2 O 3 . 

FcoOs. 

CaO. 

MgO. 

NaoO 

KoO. 

Water 

Titanic Acid. 

1 

63.07 

23 92 

1.94 

0,23 

Trace. 

1 08 

1.15 

7.07 


‘7 

72 44 

18 97 

1.59 

0 18 

Trace, 

0.91 

1 35 

5.39 


3 

69 95 

22 34 

1 44 

Trace 

0-08 

1.18 

1.28 

5.98 


4 

71.09 

19 86 

1.81 

0 11 


0 81 

1,45 

5. 67 



65 27 

18.75 

7.34 

0.81 

1.26 

0.81 

1 10 

6.88 


6 

64 38 

17.29 

8.25 

1,11 

o.so 

0.42 

1.41 

6,95 


7 

63.19 

18.76 

7.05 

0.78 

1.68 

1.50 

0.21 

7,57 


8 

64.49 

23.86 

2.11 

0.31 

Trace, 

1,82 

0.11 

8.11 


9 

67 90 

22.07 

1.33 

0.05 

0.59 

0 38 

1.15 

6,86 


10 

48.34 

34,58 

1.65 

0 81 

Trace. 

1.26 

0.44 

12,94 

].56. 

11 

62 34 

20.63 

3.31 

0.17 

0.67 

0.33 

0.73 

9.34 

1.49. 

12 

68.03 

17.19 

3.00 

0.81 

1.00 

0.54 

1.00 

6.31 


13 

63.29 

18,19 

6.45 

0.31 

2.44 

Trace. 

0.56 



14 

76.33 

16.04 

1.24 

By dif , 0.99. . 



5,40 


15 

75.99 

16.12 

1.35 

Bv dif 1.45.. 





16 

73.24 

19 61 

1,04 

Bv dif- 0.78 



17 

45.28 

37.39 

1.71 

L83 

0.29 

13.49 
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1. Benton, Hicks’s bed, 2 S., 15 W., Sec. 12. 2. Benton, Eodenbaugli, 2 S., 15 
W., Sec. 12 3. Benton, Herrick & Davis’s bank. 4 Benton, Henderson’s pit, 

upper bed 5. Mabelvale, A. W. Xorris’s well. 6. Olsen’s switch, ^‘fuller’s 
clay.” 7. ‘^Fuller’s earth,” Alexander, 1 S , 13 W , Sec. 8, S.W. qr. of S.E. qr. 
8. Benton, IVoolhey's clay. 9. Bidgwood, 1 N”., 12 Mb, Sec, 25, S bV. qr. of H E. 
qr. 10. Benton, Howe's pottery. 11 Clay from S S., 15 W., Sec. 4. 12 Clay from 
8 S , 15 W , Sec 5. 13. Clay from 2 S , 1*3 W , Sec 13, S. half 14. John Foley’s, 
13 S., 24 W , Sec 18, N’.E qr. of S.E qr. 15. Climax pottery, 15 S , 28 W , Sec. 
5, W. half of S.E. qr. 16- Atchison’s, 4 S , 17 W , Sec 24, N.E. qr. of K-E qr. 
17. Kaolin, 1 K., 12 W., Sec. 36, Tarpley’s. 

According to Professor Jameson’^', clays for Portland cement 
should not contain less than about 60 per cent, of silica in 
combination. 


The Manganese-Deposits of the Department of Panama, 
Republic of Colombia. 

BY EDUARDO J. CHIBAS, NEW YORK CITY 
(Chicago Meeting, February, 1S97 ) 

Location . — The principal manganese-deposits of the Depart- 
ment of Panama, Eepublic of Colombia, are located almost 
due south of Viento Frio, a native village bordering on the 
Caribbean Sea, and about 45 miles northeast of Colon (Aspin- 
wall). The mining-claims are the Viento Frio, the Carraho, 
the Nispero, and the Soledad. Each property is to the south 
of the preceding one in the order mentioned. The first one is 
about one mile from the coast, and the most southerly boundary 
of the Soledad is about five miles in a straight line from the 
same coast-line. I shall confine my remarks to the four prop- 
erties mentioned and to La Guaea, west of the Carrano, because 
these are the only ones where mining has so far been done to 
more or less extent. Manganese has also been found, however, 
in the neighborhood of these deposits, and a large area adjoin- 
ing them has been divided into sections and “denounced’’ as 
mining-claims. The relative position of the manganese-deposits 
and JS ombre de Dios, the present terminal of the railroad and 
shipping-port, as well as Viento Frio and the adjacent coast, can 


* Portland Cement^ by Charles D. Jameson, Iowa City, 1895, p. 17. 
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be seen in Fig. 1. The crosses indicate the spots where most 
of the mining has been done on each claim. The Concepcion 
mine is within the boundaries of the Carrano claim. 

Hisiorieal Sketch — first shipments of manganese-ore from 
the Department of Panama were made between 1872 and 1875, 
when the Viento Frio mine was worked at irregular intervals 
and on a very small scale by Mr. Adolfo Steffins. The ore was 
transported to the coast on mules. The shipments were made 
to England in small lots of 250 or 300 tons by schooners, which 
anchored in front of Viento Frio whenever the weather per- 
mitted. The ore was taken alongside the ships in canoes or na- 
tive dug-outs.^^ I have been unable to get accurate informa- 
tion as to the total amount of manganese shipped at that time; 
but judging from what I have been able to gather from persons 
more or less connected with the enterj)rise, an estimate of 1500 
tons would not be far from correct. The only exact data 
available refer to the last cargo, of 264 tons, which reached 
England in 1874; it contained, by analysis, 49 per cent, of me- 
tallic manganese, and was sold for $18 per ton. Another 
cargo, shipped from Viento Frio shortly afterwards, never 
reached England, the schooner being wrecked. This accident 
precipitated the failure of the enterprise, which had been car- 
ried on with very limited means, and in 1875 the mines were 
practically abandoned. 

ITo further interest was shown in this manganese business 
until 1890, when Mr, A. M. Potvin, a native of Canada, began 
prospecting for gold and silver on the Isthmus, and while 
searching for those metals in the neighborhood of Viento Frio 
was told that one of his native guides, during a hunting tour, 
had come across a very rich coal-mine, five or six miles from 
the coast. Samples of the discovery were secured, and when 
they were taken to Colon, what was thought to be coal 
turned out to be manganese-ore. Mr. Potvin then associated 
himself with Mr. John FT. Popham, an American residing on 
the Isthmus, and Mr. Jos. Piza, an English merchant estab- 
lished in Panama, for the purpose of placing the newly-dis- 
covered deposits in the market. 

It is very easy to secure mining-titles in Colombia, especially 
if, as in this case, the mineral is found on government land. 
It is then only necessary to denounce as mineral land the tract 
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Sketch* Map, Showing llelative Position of Manganese-Mining Propeities, Viento Frio, tlie Harbor of Noinbre de Dios, and the 

Adjacent Coast. 
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desired; and after paying a very small fee and complying with 
some regulations to ascertain that there are no previous claim- 
antSy the title is awarded to the petitioner. The law fixes a 
limit to the extent of each claim, but not to their number. 
Titles were secured for two adjoining properties comprising 
the deposits in question, and they were called the Nispero and 
the Soleclad. The latter was named after the first lady of the 
land,’’ the wife of the late President ISTiinez, and the former after 
the hill where the manganese was found. The three gentlemen 
mentioned also secured by purchase the titles to the property 
that had been previously worked by Mr Adolfo Steffins. Mr. 
Popham made several trips to the United States for the pur- 
pose of interesting American capitalists in the enterprise, and 
conducted all the negotiations which finally culminated in the 
organization of the Caribbean Manganese Company. The 
property w'as first brought to the notice of some prominent 
steel-manufacturers of eastern Pennsylvania; but after an ex- 
amination, they decided, in view of the dilficnlties to be over- 
come, to go no further in the matter. The Carnegies were 
then approached, and determined to examine these manganese- 
deposits. With that end in view, a commission, consisting of 
Mr. H, M. Curry, manager of the Carnegie Steel Co., Mr. W. 
R. Stirling, then second vice-president of the Illinois Steel Co., 
and the writer, as engineer, visited the property in November, 
1891. Our reports were favorable to the prosecution of further 
and more thorough investigations, as we consiclorod that the 
promise of the deposits warranted the expense; but other 
causes, among which fear of climatic conditions played an im- 
portant part, prevented the two concerns interested in the in- 
vestigation from undertaking the w^ork, and the matter was 
transferred to some Baltimore capitalists. These gentlemen 
requested the writer to return to Colombia, during tlie s]>riug 
of 1892, to make an estimate for the buirding of a railroad 
from the Nispero and Soledad mines to the nearest available 
port, and recommendations for the proper development of the 
property and for the shipment of ore to the consuming coun- 
tries. 

The writer’s report was presented in July of the same year; 
and shortly afterwards the Caribbean Manganese Company 
was organized, with headquarters in Baltimore, Md., to carry 
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out the necessary work to place the ore in the market. Mr. 
John B. McDonald, of Byan and McDonald, was elected 
President of the Company; Mr. John K. Cowen, President of 
the Baltimore and Ohio Pailroad, was made Secretary; and 
Mr. P. W. Briggs, Treasurer. During the latter part of 1895 
they were succeeded by the present officers, Mr. Henry A. 
Parr, President, and Mr. J. C. Merriken, Secretary and Treas- 
urer. By reason of difficulties, chiefly of a legal nature, inher- 
ent to the starting of any new enterprise in a new country, 
actual work of construction was delayed for some time; hut 
finally in January, 1894, the building of the railroad was begun. 
In April, 1895, the line from Hombre de Dios to Hispero was 
sufficiently advanced to allow ore-trains to run over it, and 
during the succeeding month we inaugurated the shipment of 
manganese-ore from the port of hTombre de Dios vfith a cargo 
of 900 tons. Towards the end of the summer, work was begun 
on the extension of the railroad from Mspero to Soledad, its 
present terminus. During the construction of this branch, 
lack of labor made it at times necessary to stop mining so as 
to complete the line before the end of the year. The writer 
was chief engineer and superintendent of the company until 
the early portion of 1896. He was succeeded in that capacity 
by Mr. E. G. Williams, the present superintendent. Messrs. 
R. M. Arango and C. 0. Arosemena were Principal Assistant 
Engineers during the period of construction, the former till 
January, 1895, and the latter from that date to July of the 
same year. 

Ilandliiuj and dYansportaiion of the Ore , — As the construction 
of the railroad and the handling of the ore at the mines have 
been fully described and illustrated in a paper presented by the 
writer at the last annual convention, 1896, of the American 
Society of Civil Engineers,* and in an article in the Engineering 
Magazine^ of December, 1896, 1 will here say only that the rail- 
road from the Soledad to the harbor of Hombre de Dios is nine 
miles in length, and that portions of the line traverse a very 
broken and mountainous country, so that it became necessary 
to adopt maximum curves of 40° (146 feet radius) and maxi- 
mum grades in favor of traffic of 5 per cent. 

* The Construction of a Light Mountain Bailroad in the Republic of Colom- 
bia,” Trans. Am* Soc. of Oiv. Bngs.^ vol. xxxvi., p. 65. 



68 MAXGANESE-BEPOSITS OF THE BEPAETMENT OF PANAMA. 

ris;. 2 shows a gravity-incline at the mines, and Fig. 3 an 
ore-chnte between two levels on the hillside. 


CliaracteT of the Ore . — The mineralogical forms in wdiich the 
ore occurs, so far as the writer has observed, are braunite, py- 
rolusite and psilomelane. 

The general composition of the ore of the region may be 
judged from the following analysis of some samples taken from 
La Guaca mine, without exercising any special care in their 
selection : 



Per Cent. 

Manganese peroxide, 

16.98 

Manganese sesaiiioxide, 

59.30 

Silica, ...... 

18.77 

Iron oxide, 

0.90 

Phosphorus, 

0.031 

Alumina, 

0.12 

Lime, ...... 

0.98 

Magnesia, 

0.30 

Copper oxide, 

0.09 

Moisture, 

0 38 

Combined water and loss in ignition. 

2.61 

Sulphuric acid, ash, .... 

0.10 


100.591 


The amount of metallic manganese is 52 per cent. As will 
be seen from the above, none of the impurities are in sufficient 
amount to impair the value of the ore for steel-making -piiv- 
poses. The silica is rather high, and a small discount is made 
in the price of the ore for every unit in excess of 8 per cent. ; 
but by exercising due care in selection, a considerable amount 
of ore has been shipped containing a much low^r average pci'- 
centage of silica than the above analysis indicates. The amount 
of phosphorus is insignificant, and less than the allowable limit 
for a first-class ore. 

The analyses by Lehman and Glaser of four sets of picked 
samples from the Nispero mine gave the following : 



I. 

II. 

III. 

IV. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Metallic manganese, 

63.74 

62.92 

62.76 

59.98 

Iron oxide, . 

0.28 

1.13 

0.98 

1.19 

Silica, .... 

0.25 

0.39 

5.42 

4.71 


The amount of phosphorus was below 0.05 per cent. Ores 
of this class, although they have occurred in small pockets of 
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uniform purity, are more often found associated ^^dtll lower 
grades of ore (higher in silica), and it becomes necessary to ex- 
ercise great care to prevent the mixture of the two grades. In 
most of these deposits the highly siliceous ore can be easily 
recognized at sight, as the silica is visible, especially on fresh 
fractures, in the form of minute white specks; but when the ore 
is wet by rain the white specks cannot be seen, and unless a 
piece is broken, the only means of distinguishing the grade of 
ore is the weight; the most siliceous being considerably lighter 
than the least siliceous. Small shades of difterence cannot, of 
course, be distinguished in this manner. Two other causes in- 
creased at first the difldculty of selecting the proper classes of 
ore. One was the inexperience of the miners, none of whom 
had seen manganese before; the other was the lack at the 
mines of a chemical laboratory for determining not only the 
various grades of ore, but also how far they could be combined 
to make a desirable cargo. This lack made it necessary to 
wait some time after the cargo had been received in Baltimore 
before its analysis was known at the mines. 

The first cargo of 900 tons analyzed 53 per cent, of metallic 
manganese and 13 of silica; the next one, of 2560 tons, ana- 
lyzed 47.5 per cent, of metallic manganese and 20 of silica. 
Two small cargoes that followed were also high in silica ; but 
when the nature of the ore was better known, and the analyses 
of several cargoes were at hand, it became easier to set a 
standard, and several high-grade cargoes have been shipped 
since. One of 1400 tons, which arrived in Baltimore in Feb- 
ruary, 1896, is said to have been the richest cargo of manga- 
ncsc-ore ever sold in the United States. The average of the 
various analyses made by A. S. McCreath and Booth, Garrett 
& Blair was as follows : 

Per cent. 

Metallic manganese, ^7 .502 

Silica, 4.18 

Moisture, 2.734 

Phosphorus, . 0.054 

The next cargo, of 1800 tons, was of nearly the same grade. 
The average of the analyses made by the same chemists, gave : 
Metallic manganese, 56.788; silica, 5.82; and moisture, 1.415 
Tier cent. 
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Then followed a cargo of 2600 tons, the average analj’sis of 
which, as determined by A. S. McCreath and Lehman and 
Glaser, was; Metallic manganese, 64.561; silica, 9.88; and 
moisture, 5.372 per cent. 

At present no washing is necessary. The ore is shipped as 
it comes from the mines. But a large portion of the highly sili- 
ceous ore unfit for shipment can, in the future, be rendered 
merchantable by the establishment of a proper system for crush- 
ing, washing and jigging. Such a process was successfully 
employed at the Orimora manganese mines in Virginia ; and if 
a similar plant, altered to suit the ditierence in the nature ot 
the ore and local requirements, were established at the Panama 
dej)osits, whenever the amount of that quality of ore Avould war- 
rant it, it would be conducive to as good results as have pre- 
viously been obtained at Crimora and at many iron-mines. 

Total Exports . — The total exports of manganese-ore from 
Colombia are estimated as follows : 

Tons. 

From 1872 to 1875, estimated at, 1,500 

From May, 1895, to December, 1895, by the Caribbean 

Manganese Co., 4,550 

During the same period by Brandon, Arias & Philippi, 

over C. M. Co.’s Bailroad, 1,600 

Total for latter half of year 1895, .... 6,150 

From January, 1896, to December, 1896, by Caribbean 
Manganese Co., ..... . . 9,065 

Grand total to December, 1896, 16,715 

All tlie ore shipped by the Caribbean Manganese Co. baa 
been from the Nispero and the Soledad, excepting 200 tons 
from the Viento Frio and Carrano prop^erties. The ore shipped 
by Brandon, Arias & Philippi was from La Griiaca mine. 

Tojoograpky. — The great mountain-chain of the Ancles enters 
Colombia from the south and divides into three ranges, known 
respectively as the Eastern, the Central and the Western Cor- 
dillera. The Western Cordillera follows a northerly direction, 
skirting the Pacific coast. As it reaches the Isthmus it de- 
scribes an arc to the H.W., and extends through the Depart- 
ment of Panama. The agents of disintegration and erosion 
have been very active in this Western Cordillera. The origi- 
nally more or less even slope of the range seems to have l)oen 
considerably cut up by streams and torrents, which have exca- 
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vated deep gorges and ravines, and have transformed the moun- 
tain-side into a succession of narrow valleys and ridges. On 
the top and flanks of these lower ridges or hills the manga- 
nese-deposits are found. 

Geological Features , — The manganese-ore occurs in the form 
of pockets imbedded in clay, resulting from the decomposition 
in situ of the original enclosing rock. This rock, in places, is 
only partly decomposed, and its sedimentary origin is revealed, 
although in some localities metamorphism seems to have turned 
it to red and yellow jasper. The claj’ has been eroded in many 
places, and, leaving some of the pockets uncovered, has given 
them the appearance of isolated boulders lying on the surface. 
These boulders vary from a few pounds to 500 tons. In one 
case, at La Guaca mine, over lOOQ tons of ore of good quality 
were taken out of a single boulder. These boulders have not 
generally been found of uniform quality. They are often 
mixed with ore-bearing rock. The clay sometimes assumes 
various shades of color : red, yellow, white and purple. This 
is due to the various stages of oxidation and hydration of the 
manganese and iron it contains. 

In some places the removal of the clay that separated several 
pockets has tended to concentrate and bunch together several 
boulders which may have been originally many feet apart. 
Such seems to have been the case in the locality shown in 
Fig. 4, where a small stream has excavated a narrow gorge 
on the hill-side, and the carrying away of the clay has brought 
together boulders that may have been originally separated by 
a large space filled with the enclosing rock. Fig. 5 shows a 
pocket of manganese-ore 6 or 8 feet below the surface. The 
ore is directly in front of the two negroes shown in the pic- 
ture. The material above their heads is all clay. At this 
place there was no ore on the ground; but the presence of 
large stones of jasper stained with black oxide of manganese 
led us to prospect in that locality, and after going through 6 
or 8 feet of clay a pocket with a few hundred tons of ore 
was found. 

Fig. 6 shows one of the manganese-boulders, the upper 
quarter of which was the only portion above ground. The 
manganese-ore which had been broken from the boulder before 
the photograph was taken is piled to the left in the picture. 
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JSTear this boulder smaller pockets of ore entirely covered with 
clay were mined by digging along the side-hill, as shown in 
the upper left-hand portion of the view. 

The rock underlying the manganese-deposits, as far as the 
writer could observe a't the Nispero and Soledad mines, seems 
to be serpentine. In the neighborhood of the mineral region 
there are some rocks which to the naked eye appear of igneous 
origin, but examined under the microscope they have revealed 
themselves as sedimentary rocks altered by metamorphism. 
They are, however, composed of fragments not carried very far 
from their original source, which was an igneous rock, either 
porphyrite or andesite. The microscopical examinations were 
made by Prof. J. F. Kemp, of Columbia University. One class 
of rock he found to consist , 

“ Almost entirely of plagioclase fragments and well-bonnded crystals, witli v, liicli 
are commingled some small irregular quartzes and a very few patches of chlorite 
and liinonite. The texture is that of a fragmental rock, and we would pronounce 
it at once a feldspathic sandstone were not the well-bounded plagioclase crystals 
so striking. I think on the whole it is a fragmental rook, derived, liowovcr, from 
a porphyrite or andesite not far away. The next set of rocks proved to be a much 
kaolinized felsite or slate — it gives no decisive evidence which — with small amyg- 
dules or spherules of calcite. The third variety was much like the previous one, 
but has enough larger fragments of angular feldspar to indicate a clastic rock, such 
as a slate.” 

Prof. Kemp concludes by saying that the slides suggest 
strongly that the source of the material was from feldspathic 
rather than quartzose originals. 

Most of the rocks in the Department of Panama seem to 
have been weathered to considerable depth. In the cuts in the 
nine miles of railroad, very little unaltered rock was encoun- 
tered, and the lai'ger portion of the material was so decoiupo.sed 
that it gave no clue to its original nature. Tho.se rocks wliicli 
had not sufficiently deteriorated to prevent recognition wc;re 
sandstone, shale and serpentine — all sedimentary or metamor- 
phic rocks and none of igneous origin. Ko limestones were 
found in any portion of the line, and no outcrops of that rock 
have been observed by the writer in that immediate neigh- 
borhood. 

Qeologij of Colombia . — ^Before entering into the discu.ssion of 
the probable origin and formation of these mauganese-dc'pfwits, 
it would he well to give a general abstract of the informiitiou 
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which. I have been able to gather as to the geology of Colom- 
bia. Geologists consider that, during the Paleozoic era, all the 
region now occupied by that Republic was under the sea. Mr. 
J ohn C. F. Randolph* places the upheaval of the central Cor- 
dillera, the oldest of the three mentioned, in the Jurassic period. 
Towards the close of the epoch of the Cretaceous, Hermann 
Karstenf states, the two branches adjoining the central Cor- 
dillera, that is, the Eastern and the Western Cordilleras, were 
mostly under water, surrounding, like a longitudinal reef, the 
firm land of the central Cordillera, with only the highest peaks 
appearing here and there above water, like a series of elongated 
islands. The deep arm of the sea that separated and surrounded 
these islands was gradually being filled with layers of earthy and 
sandy sediments, brought down by surface-waters and oceanic 
currents. While the sea was thus growing shallower, the islands 
were slowly increasing in height and extent; those to the east, 
the forerunners of the Eastern Cordillera, rising more rapidly 
than those to the west. In the course of time the reefs con- 
necting these islands were also gradually upheaved and lifted 
above water, and the Eastern and the Western Cordilleras began 
to approach more and more their present form, until the end of 
the Tertiary, when they are supposed to have attained their full 
height and development. During the upheaval volcanic forces 
seem to have been very active in some portions of the country, 
and eruptions of porphyry, granite and syenite also took place. 
The heat from these igneous masses, as well as the thermal and 
dynamic efiects of upheaval, contributed to the metamorphism 
of some of the sedimentary deposits. A large portion of the 
work of erosion and the moulding of the present topography 
probably took place during the Quaternary; but only a very small 
portion of land was added to the coast-line during that period. 

Origin and Formation of the Manganese-Dejposits of Panama , — 
The manganese, probably, was originally found as one of the 
constituents of the igneous rocks of the region, in the form of 
silicate. Atmospheric agencies, aided by the organic and in- 
organic acids carried in solution in the surface-waters, caused 
the disintegration of the igneous rocks ; and when the silicate 
was chemically decomposed, the manganese was carried away 

* Notes on the Bepublic of Colombia, October, 1889, Tram.^ xviii., 205. 

t O^ologie de V aneienne Colombie JBolivarienne. 

VOL. xxvix. — 6 
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in solution, until, aided by favorable conditions, it was deposited 
in the form of oxide or carbonate ; but if in the latter state, 
it was subsequently converted into oxide, as no carbonate of 
manganese has so far been found in that region. The mineral, 
as at present found, may have come, not direct from the igneous 
rocks, but through the medium of sedimentary or metamorphic 
rocks, with which the manganese may have been deposited, in 
the manner already stated. When these rocks, in turn, began 
to decompose, the same process was repeated ; that is, the man- 
ganese was again dissolved, carried away and redeposited in its 
present locality. 

R. A. T. Penrose, Jr., says:* 

The naineralogical forms in which iron and manganese are deposited from 
solution, in nature, at ordinary temperatures, depend on the conditions of air and 
water, whether of an oxidizing or a reducing nature, and on the character of the 
associated organic and inorganic matter, either in solution or on the floor of the 
sea, lagoon or hog in which the deposition occurs.” 

He adds that when solutions of organic or inorganic salts of 
manganese are freely exposed to the action of air, as in shallow 
or rapidly-moving streams, or in lakes or some bogs, they are 
quickly oxidized and may be deposited as more or less hydrous 
oxide ; but an excess of organic matter may cause tlio forma- 
tion of carbonate. He also considers that manganese may be 
deposited sometimes, though very rarely, as sulphide, 

111 the case of the Panama deposits, I believe the dopositiou 
may have taken place in swamps and lagoons, such as those 
that at present characterize the topography of portions of the 
country close to the sea-shore, where the waters draining troiii 
the mountain-sides are collected and held for a considerable 
time before they reach the sea. Sometimes it is only the over- 
flow that fluds its way to the sea, along surfaec-channels, the 
remaining water disappearing only by seepage and evaporation. 
At other times the lagoons communicate through a channel 
with the sea, and become salt- or brackish-water lagoons. I 
have found no fossils or evidence of any kind to enable me to 
determine whether the deposition of the ore and enclosing 
rock took place in fresh or salt water. The waters that carried 
the manganese in solution carried at the same time argillaceous 

^ ‘‘Chemical Relation of Iron and Manganese,” in JoumaJ of (Mog\j^ voL i., 
p. 362. Also Aoinual Bepori of the Geological Samy of Arka7mt,% yoL i. 
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and siliceous particles of the original rock that were deposited 
and afterwards consolidated into rocks of a shaly nature. Por- 
tions of these were afterwards turned into jasper by metanior- 
phism. Later on atmospheric weathering set in, and, decom- 
posing and disintegrating the enclosing rock, turned it into the 
clay which at present surrounds the ore-bodies. Subsequently, 
erosion has washed out the clay in many localities and has left 
the manganese uncovered, in some places, as already described. 

The extent and character of the manganese-deposits were 
probably governed by local oxidizing agencies. Whenever the 
wmters brought down manganese for a continued period, and 
the local conditions were favorable, large pockets of ore were 
formed; but when the waters ceased to carry manganese in 
solution, or the local conditions were unfavorable to its deposi- 
tion, areas of the associated rock were formed with little or no 
ore. In some cases the manganese seems to have been de- 
posited with a considerable portion of the sediments carried in 
suspension, which, disseminated through the ore, give it a 
highly siliceous character. Such seems to have been the case 
in some portions of La Tina, where a considerable amount of 
highly siliceous ore has been found. At this place the bedded 
character of the deposit is more plainly discernible than in any 
of the other localities observed by the writer. 

It is possible that some of the high-grade ore at present 
mined at the Nispero and the Soledad may have been the pro- 
duct of secondary chemical changes after the upheaval. That 
is, when the enclosing rock began to decompose the manganese 
may have been redissolved and redeposited in the clay below 
and not far away. Again, in some localities the manganese, 
when deposited, may have been so finely disseminated through 
the associated rock as to have been of no economic value ; but, 
later on, by a process of resolution and redeposition, it may 
have been concentrated into bodies of comparatively pure ore 
and in workable quantities. 

As to the age of the deposits, I can only say that no clue 
has been found to determine at what period they were formed ; 
but if my theory as to their origin is correct, and they were 
formed just as that portion of the country was emerging from 
the sea, they probably belong to the Tertiary horizon, although 
the subsequent secondary chemical changes may have taken 
place at a more recent period. 
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It is with, reluctance that I have advanced an opinion as to 
the origin and formation of these deposits, as I do not consider 
the data I have been able to gather from personal observations 
sufficient for a thorough treatment of the subject; and I freely 
confess that future and more extended investigations may serve 
to modify my conclusions materially. 


Sorting Before Sizing. 

BY ROBERT H RICHARDS, BOSTON, MASS. 

(Chicago Meeting, February, 1897.) 

The adaptation of European methods of concentrating ores 
to suit the conditions of this country has followed the lines 
that simplify machinery, diminish labor and increase capacity. 
ISToteworthy instances are the substitution of hydraulic classi- 
fiers for the last one or two trommels in the scries, and the 
substitution of a distributing-tank for the slimes in the place 
of the Spitzkasten. 

The question may be fairly asked. At what point do losses 
become serious in consequence of these changes? It is to 
study this question that the investigation herein described has 
been undertaken. After the losses are located and the methods 
of stopping them are pointed out, it will then lie with the in- 
dividual mill to decide whether or not the plans proposed will 
save sufficient value to warrant their adoption. 

In the discussion of sorting followed by sizing, as the terms 
are used in this paper, we have to deal with the preparation of 
slimes by the Spitzkasten for subsequent washing upon the 
slime-table. 

The Spitzkasten, or pointed box, is an inverted hollow pyra- 
mid, generally of wood, usually with four faces or sides coming 
together in a point below. The sides can have, according to 
Eittinger, a minimum angle of slope of 50° with the horizon- 
tal. The feed-water carrying fine slimes (less than 0,01 inch, 
or 0.25 mm. in diameter) for treatment is fed at one end and 
carefully distributed over the whole width. The outlet is over 
the opposite end. The water-current passes direct from inlet 
to outlet, and has usually been regarded as a surface-layer pass- 
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ing over without much disturbing the stagnant layer of water 
below. Under such conditions the coarser grains of quartz, 
together with finer grains of the heavier metallic mineral — for 
example, galena — drop out of the current into the stagnant 
water below, and, settling to the apex, are discharged through 
a pipe or spigot. Several pointed boxes in series, each larger 
than its predecessor, will give a series of products, each of 
which is finer than its predecessor, and the particles will be 
approximately sorted according to the law of free-settling 
particles. This process of grouping together grains of metallic 
or specifically heavier mineral, which are smaller in size, with 
those of the non-metallic or specifically lighter mineral that 
are relatively larger in size, is called sorting the slimes, and the 
series of products are called slime-sorts, 

A slime-table for washing ores has a true surface, either a 
plane or a much-flattened cone, with gentle slope, and upon 
the upper margin of it water is evenly distributed. The layer 
or film of water has an approximately even thickness if the table 
is plane, or a gradually decreasing thickness if the table is a 
convex cone, varied only by a series of slight waves, and is 
continuously moving down in the direction of steepest slope. 
If, now, one of the above sorted products is placed upon such a 
slime-table, the particles of galena, for example, being small, 
settle upon the table and do not move, or move but slowly be- 
cause they are in the lower slow-moving portion of the water- 
film, while the quartz-grains, being larger, reach up into the 
quick-moving water and are carried forward rapidly. 

The operation of separating small grains from large grains 
is technically called sizing^ whether it is done by putting the 
grains on a sieve of such a mesh that it allows the smaller 
grains to pass through while it holds back the larger grains, 
or, on the other hand, is done by a slime-table, which rolls the 
large grains rapidly towards its margin, but moves the small 
grains slowly or not at all. 

By combining the two principles — ^namely, the Spitzkasten and 
the slime-table — we have what is called separation by sorting 
followed by sizing. 

There is a dearth of exact data upon the laws defining the 
water-quantity and slope-angle best adapted for the treatment 
of the different slime-sorts upon slime-tables, and it is to supply 
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tills deficiency that the pi’esent investigation has been under- 
taken. The difterent ivriters give us figures derived empiri- 
cally from mill-practice. 

Linkenbach gives for stationary slime-tables : 

Slope of 
slime table. 

Degrees Per cent. 

. 6° 20^ or 11.11 

. 5 ° 43 ^ 10 . 

. 4° 46^ '' 8.33 


For 1st spigot-product, 
'' 2d 
“3d 


and for revolving slime-tables : 


For 1st spigot-product, 
“ 2d 

“3d “ 


Slope of 
slime table. 
Degrees. 

, 5 ^^ 43 ^ 

. 5 ° 12 ^ 

. 


Per cent, 
or 10. 

“ 9.09 

“ 8.33 


Kunhardt gives as 


European practice, . 


Slope of 
slime table. 

Degrees. Per cent. 

5° to 10° or S.7o to 17.63 


United States practice is illustrated by the list on the folio w- 
ing page, comprising 25 slime-tables, in 20 mills, located in 
about 10 different districts. In this list a represents convex 
conical revolving tables ; 5, convex stationary tables, and c, con- 
cave conical revolving tables. 

To design machines of this class intelligently, we need to 
have exact data as to the angle at which : 

1. The quartz starts to roll. 

2. The quartz is all moving. 

3. The heavy mineral starts. 

4. The heavy mineral is all moving. 

These observations should he taken with many difterent 
slime-sorts and quantities of water, ranging from very small to 
very large, to cover all possible demands. 

To obtain the desired experimental data, the author reqtiirod 
at the outset a set of products as perfectly sorted as possible. 
For this purpose the sorting-tube, Fig. 1, was designed. Hy- 
draulic water is fed at e at a constant rate, admitted by a dial- 
cock at constant pressure, guaranteed by an overflow column- 
pipe to give constant head. This passes up and overflows at /, 
at any desired speed. If /f be the average area in square conti- 
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meters of the tube cd^ then the grammes or cubic centimeters 
I of water delivered per minute at 2, divided by will give the 
•upward velocity m of the water in centimeters per minute : 

I 


The same result may he obtained in inches per minute by 
weighing the water in pounds as follows : The pounds of water 

List Showing Angles of Slope in American Practice, 


Name op Mill 

Bocky Mountain 

Silver Age 

Kohinoor 

Central Lead Co.... 
Flat Ei ver Lead Co.. 
Mine la Motte 

Be venue Tunnel.. | 


Concentrates. 


Pyrite, I 

Chaleo py rite, j 

Galena, \ 

Pyrite. J 

Galena, \ 

Blende j 

Galena, \ 

Pyrite. / 

Galena, \ 

Pyrite. j 

Galena, \ 

Pyrite. J 

Galena, I 

Gray copper, f 


Bunker Hill and 
Sullivan 

Gem 

Helena and Frisco.. 

Last Chance 

Standard 

Stem Winder 

Anaconda 

Butte Beduction... . 
Calumet and Hecla.. 

Osceola 

Quincy 

Tamarack 


Galena, 

Pyrite. 


Galena, I f 
Pyrite. / \ 

Galena. ^ 

Lead sulphide, 1 
carbonate and [- 
phosphate. J 

Galena. 

Pyrite, \ 
Galena. / 


Galena. 

/ Copper sul- 
\ phides 

r Copper sul- 
1 phides. 

/ Native copper, 
\ Marti te. 

r Copper, 

\ Magnetite, 

Copper. 

Copper. 


Quartz. 

Quartz, 

Feldspar. 

Flint. 

Limestone. 

Dolomite. 

Limestone. 

Quartz. 

Quartz, 

Blende, 

Limestone. 

Siderite, 

Quartzite. 

Blende, 

Quartz. 

Quartz. 

Quartz. 

Quartz. 

Quartz- 

Quartz and 
Feldspar. 
Quartz and 
Feldspar. 

Bhyolite. 

Calcite, 

Amygdaloid. 

Amygdaloid. 

Bhyolite. 


Slope. 

Inches 

per 

Foot 

De- 

grees. 

1. 

4047/ 

0.94 

4°30' 

1.05 

5° 

1.05 

0° 

1.25 

6° 

1.S5 

6-25^ 

1.33 

6°20' 

1.24 

5°55^ 

0.72 

3=25" 

1.74 

8=15" 

1.37 

6°30" 

1.58 

7=30" 

1.05 

5° 

1.25 

6= 

1.125 

5=21" 

1.125 

1.25 

5=21" 

6= 

0.96 

4=35" 

0.75 

3=35" 

1.25 

6= 

1.50 

7=8" 

1.00 

4=47" 

0.75 

3=35" 

1.125 

6=21" 

1.000 

4=47" 

1.54 

7=25" 

1.25 

6 ° 

1.23 

6= 

1.25 

6= 
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at 62° F.j delivered per minute at ?, multiplied by 27.712, 
gives cubic inches, and this product divided by the area r in 
square inches gives the ascending velocity s in inches per 
minute : 

27.712 p 

S z=z L, 

r 

The sorted products were obtained by feeding at a, in very 
small quantities at a time, mixed grains of quartz and galena, 
which had passed through a limiting-sieve of 10 meshes to the 
linear inch, and therefore contained grains of both minerals 
ranging from that size down to dust. The grains became subject 
to the action of the current at b. If they were light enough 
to rise in the current flowing at any given time they were dis- 
charged at i. If heavy enough to fall, they passed down to 
the bulb g. The rising portion c of the, tube is 12 inches long, 
to give a heavy grain that distance to repent and return. The 
falling portion d of the tube is also 12 inches long, to give a 
light grain the same opportunity. A rotary motion is given 
to the water in to prevent a downward cui*rent on one side 
and an excess of upward current on the other. If the mixed 
quartz and galena is fed slowly, so that free-settling ’’ condi- 
tions prevail* while the water is rising — for example, 40 milli- 
meters per second — it yields two products : the overflow-grains 
which rise in a 40-mm. current, the bulb-grains which fall in 
the same current. If, now, we feed the above bulb-grains to 
the tube when the water is rising 50 mm. per second, it again 
yields two products : overflow-grains which rise in a 50-mm. 
current, and bulb-grains which fall in the same current. This 
second overflow is defined as consisting of grains of quartz and 
galena which, under free-settling conditions, fall in a 40-mm. 
current and rise in a 50-mm. current. 

To obtain a complete set of products, as perfectly defined as 
the above, the water-current was rated at frequent intervals all 
the way from 0.0496 inches (1.261 mm.) per second to 7.8259 
inches (198.777 mm.) per second. And to obtain further 
information, the length and width of each of ten grains of 
quartz and also of galena were measured by microscope-micro- 
meter for each product. The average of the ten measures of 


See “Cycle of the Plunger-Jig,^’ Trans. ^ xxvi., 3. 
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length, and of width (twenty in all) is called the average di- 
ameter of the grains. These figures are given in inches and 
in metric measures in Table L, together with the ratio of the 
average diameters of quartz and galena. The specific gravity 
of the quartz is 2.640 and that of the galena is 7.586. 


Table I. — Diameters of the Quartz and Galena Particles Which 
are Eqaal-Settling in the Upward Currents Specified when Treated 
Under Free-Settling Conditions^ together with the Observed and 
Calculated Diameter-Ratios. 


Particles. Fall iu 
Cuneiit of Inches 
per Seeoiicl. 

Pai tides Tlise iu 
Current of Inches 
per Second. 

Diameter of Par- 
ticles in Inches. 

Ratio Between Di- 
ameteis of Particles 
Actually Obtained. 

Diameter of Par- 
ticles in Milli- 
meters. 

Pai tides Fall in Cur- 
rentb of MiPimeters 
per Second. 

Particles Rise in Cur- 
rents of Millimeters 
per Second 

Ratio Between Di- 
ameters of Pai tides 
Averaged by a Curve 

Quartz. 

Galena. 

Quartz. 

Galena. 

.000 

.050 

.00119* 

.00076* 

1.55 

.0301* 

.0194* 

0.00 

1.26 

1.54 

.OoO 

.099 

.00132 

.00078 

1.69 

.0335 

.0198 

1.26 

2.51 

1 68 

.099 

.199 

.00224 

.00115 

1.95 

.0568 

.0292 

2 51 

5.05 

1.82 

.199 

.292 

.00304 

.00162 

1.87 

.0772 

.0412 

5.05 

7.42 

1.96 

.292 

.394 

.00387 

.00192 

2.01 

.0982 

.0488 

7.42 

10.01 

2 09 

.394 

.577 

.00561 

.00242 

2.32 

.1423 

.0613 

10.01 

14.68 

2.23 

.577 

.780 

.00739 

.00284 

2.60 

.1875 

.0721 

14.68 

19.80 

2.35 

.780 

1.186 

.0089 

.0041 

2.18 

.2254 

.1032 

19.80 

30.12 

2 48 

1.186 

1.689 

.0135 

.0051 

2 62 

.3416 

.1305 

30.12 

40.37 

2.61 

1.589 

1.972 

.0153 

.0055 

2.76 

.3880 

.1404 

40.37 

50.08 

2.72 

1 972 

2.366 

.0206 

.0067 

3 07 

.5241 

.1708 

50 08 

60.09 

2.82 

2.366 

2.769 

.0232 

.0079 

2.95 

.5892 

.1997 

60.09 

70.34 

2.92 

2.769 

3.160 

.0260 

.0094 

2.77 

.6590 

.2381 

70 34 

80.28 

3.03 

3.160 

3.552 

.0339 

.0108 

3.13 

.8604 

.2750 

80.28 

90.21 

3 12 

3.552 

3.919 

.0403 

.0135 

2 99 

1.0234 

.3128 

90.21 

99.54 

3.21 

3.919 

4.334 

.0450 

.0138 

3.26 

1.1424 

.3504 

99.54 

110.09 

3.29 

4.334 

4.726 

.0521 

.0144 

3.62 

1.3216 

.3648 

110.( 0 

120.03 

3.30 

4.726 

5.135 

.0560 

.0149 

3.77 

1.4224 

.3776 

120.03 

130.43 

3.42 

5.135 

5.526 

.0562 

.0166 

3.39 

1.4256 

.4208 

130.43 

140.37 

3.49 

5.526 

5.918 

.0682 

.0180 

3.52 

1,6032 

.4560 

140.37 

150.31 

3.54 

5.918 

6.303 

.0664 

.0181 

3.67 

1.6848 

.4592 

150.31 

160.09 

3.59 

6.303 

6.691 

.0689 

.0182 

3 78 

1.7488 

.4624 

160.09 

169.95 

3.63 

6.691 

7,106 

.0710 

.0207 

3.44 

1.8032 

.5248 

169,95 

180.51 

3.()(> 

7.106 

7.826 

.0778 

> .0228 

3.42 

1.9744 

1 

.5776 

' 180.51 

198.78 

3.70 


Before passing to the next step in our subject it is intoroat- 
ing to note that in the sorting by the sorting-tube. Fig. 1, tlio 
values here obtained for grains settling under free-settling con- 
ditions corroborate those given in Close Sizing Before Jig- 
ging/’t showing again that for fine sizes the free-settling ratio 

* These averages have less value than the others, because the diameters in this 
case range from the figures given down to zero, 
f Trans, j sxiv., 409. 
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of the diameter of the quartz particle to that of the galena par- 
ticle is less than Eittinger’s formula would give, and that the 
ratio decreases as the diameters decrease (see Table I.). The 
measures of the diameters given in “ Close Sizing Before Jig- 
ging” were made by sieves. The measures for this paper were 
made by micrometer in a microscope, and are therefore prob- 
ably more accurate than those of the former. 

The sorting apparatus having been obtained, and with it a 
very perfect set of sorted products, it was necessary next to 



prepare an accurate sizing-apparatus or slime-table. This is 
shown in elevation in Fig. 2 and in plan in Fig. 3. 

This apparatus (see Fig. 2) consists of a plane plate-glass A, 
with ground surface, capable of being fed with an even flow of 
water and of being tilted at any angle. The details are as 
follows : 

а. A hydrant of 2-inch pipe supplied with water by a cen- 
trifugal pump. 

б. A column-pipe, 8 feet high, to completely even up the 
pressure. 

c. A dial-cock and hose for delivering constant quantities of 
water to the table. 
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d. A. long rose-pipe delivering water tlie wtole length, of the 
distributing-tank e, which has a dam /, a baffle-plate or gate g , 
and an outlet over a straight edge, m. 

h, plate-glass ground surface, 2 feet wide, 4 feet long, sus- 
pended on two rods, I, at the head, and at the foot by a block 
and tackle, multiplying the movement 20 times by 4 double 
pulleys. 

This table has a surface well adapted to its work. It ap- 
peared to be rough enough to cause the particle to roll, but not 
rough enough to obstruct its passage. 

It can be tilted at any angle from level to 45° slope and 
adjusted with minute accuracy. The angles were measured 



by a Linton level, with a probable error of five minutes of arc ; 
the film thickness on the crest and trough of the waves was 
measured by a micrometer gauge reading to 0.001 inch, with 
probable error in reading of 0.002 inch on wave-crests and 0.004 
inch in the troughs, and where there was no wave, 0.002 inch. 
The sands to be treated were put on at 23 inches from the head 
and spread out in a straight line about 8 inches long at right 
angles to the direction of flow to prevent the grains from hin- 
dering each other. The quantity of w’-ater flowing w-as weighed 
in a bucket with a spring-balance weighing to sixty pounds, and 
reading to one-tenth of a pound, the limit of error being about 
1 per cent. 

An experiment is begun by gauging the water to a given 
number of pounds flowing ofl' the tail. The charge of grains 
of quartz and galena is then put in place and the table is 
slowly tilted until (1) the first grain of quartz starts. Then, 
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Pounds of Water per minute 

Grams which fall m an upward current of 1.26 mm. per second 
and rise n >> » ft » 2.51 n jj >} 

0 - Galena of 0198 mm. diameter. X - Quartz of 03S5 mm diameter. 

* The angles of galena, except the one plotted, were all above 20°. 
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the angle of slope and the thickness of film on crest and trough 
are taken. The slope is increased gradually till each of the fol- 
lowing events has occurred, stopping to take the above meas- 
ures at each point : 

(2) All the grains of quartz move. 

(3) The first grain of galena moves. 

(4) All the grains of galena move. 

After these four sets of observations are concluded, the water 
is set at another rate of flow in pounds per minute and the 
whole series is recorded again. In this way the conditions are 
studied with small intervals, from a quantity of water which 
breaks down because it is too little at one end of the series, to 
a quantity which is absurdly large at the other end. The little 
end of the series for small grains was where the water failed to 
cover the table, for large grains, where events 2 and 4 occurred 
at nearly the same angle. 

It will be observed that the method employed was to meas- 
ure angles, films, etc., at the moment when a body at rest begins 
to move. Tf the opposite plan, namely, to measure angles, 
films, etc., when a moving body comes to rest, had been adopted, 
it would have represented more exactly what happens upon a 
convex conical slime-table. The difficulties of making the tests 
by the latter method caused the selection of the former. The 
difference in results is that the figures for angles given in the 
table are slightly larger than they would be if the coming-to- 
rest method had been employed. 

A portion of the measurements of angles obtained in this 
work are presented in Tables III. and IV. 

Table III. gives the slope-angles at which all the particles of 
each of the different sorts of galena start to move. In most 
eases each figure is the lowest of three observations. They arc 
called the finish-angles of galena. 

Table IV. gives the slope-angles at which all the particles of 
each of the different sorts of quartz start to move. In most 
cases each figure is the highest of three observations. They arc 
called the finish-angles of quartz. 

This finish-angle of quartz is believed by the author to be 
the most important angle of all. From a table set at this angle 
nearly all the quartz will roll off, and nearly all the galena will 
remain on it at rest. 
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1 2 3 4 5 G 7 8 9 10 11 12 IS 14 15 IG 17 18 19 20 21 22 23 24 23 26 27 28 29 30 
Pounds of Water per minute 


Grains which fall in an gpward current of 2.51 mm. per second 
and nso ” ft » 5.05 >i 


, o — Galena of .0292 mm diameter. X — Quartz of 0568 mm. diameter. 


* The third angle of galena was above 20®. 
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The starting-angles did not appear to the author to have the 
same value as the finish-angles in guiding the judgment for 
best slope and water for a given slime-sort, and have, therefore, 
been omitted. 

In examining the starting-angles of galena and quartz it was 
noticed that the first grain of galena often starts at an angle 
smaller than the finish-angle of quartz. This is not as serious 
a matter as it appears, for several reasons. First, there were 
only a few light grains of galena that started before the quartz; 
secondly, they moved slowly, so that the quartz easily overtook 
and left them behind; and, thirdly, the occurrence was con- 
fined to those experiments that were near the least w^atcr- 
quantity, and therefore outside of the range of the best working 
conditions. 

A few representativo examples of tlie finish-angles of quaitz 
and galena are plotted in Plates I. to VI. The vertical dimen- 
sion (ordinate) gives the angle of slope ; the horizontal dimen- 
sion (abscissa) gives the amount of water per minute for 2 feet 
of width. The sizes of the grains and the sorting currents that 
are selected for plotting are given in Table IL : 


Table IL 



MillimeteRvS per Sec- 
ond Upward Current. 

AVERAGE Di- 
ameters. 

Ratio. 


Grains Fall 

Grains Eise 

Quartz. 

Galena. 


Pl&t© I 

Millimeters. 

1.26 

Millimeters 

2.51 

.0336 

.0198 

1.69 

Plate II 

2.51 

6.05 

.0568 

.0292 

1.96 

Plate III 

10.01 

14.68 

.1423 

.0018 

2.32 

Plate IV 

30.12 

40.37 

.3416 

.1305 

i 2*62 

Plate V 

40.37 

50.08 

.3880 

.1404 

2.76 

Plate VI 

60.09 

70.34 

.5892 

.1997 

2.95 









Three experiments were tried upon each water-quantity for 
each slime-sort, and the three readings are given upon the 
plates. 

To aid in interpreting the curves, aline has been drawn join- 
ing the largest quartz-angles, and also the smallest galena-angles 
for each water-quantity. 

The finish-angles of galena have been erased from Plates I. and 
n. for values of water above 8 pounds, since great difficulty was 
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Grains which fall in an upward current of 10 01 mm. per second 
and rise 14.68 ” 

O Galena of .0613 mm. diameter X Quartz of .1423 mm. diameter 
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experienced in eliminating tlie personal eq^uation so as to oOtaiii 
satisfactory values for these two plates. The difflciilty lies in 
the fact that the hulk of the galena went off at very low angles, 
while a few grains hung on till the angle was extremely large. 

Grains that are finer than those shown upon Plate I. — namely, 
slime-sort which rises in currents from 0. to 1.26 millimeters 
per second — give .a very wide space between the quartz and 
galena for 1 pound of water : but the angles converge and meet 
at about 8 to 10 pounds of water; and with these and larger 
quantities of water all the grains of both minerals go off’ the 
table together at a little less than 2° slope. 

Tables III. and IV. are taken from the curves and show the 
minimum galena finish-angles and the maximum quartz finish- 
angles of the three experiments in each ease. 


Table III . — Galena Finish- Angles at Which All the Grains Move. 


Pounds of 
Water per Min- 
ute on 2 Feet 
of Width. 

Millimeters per Second of Current Which Lifts the Particles 

1.26 2 51 5.05 14.68 40 37 50 OS 70.34 

Millimeters per Second of Current in Which the Particles Fall. 

0 1.26 2.51 10.01 30 12 40.37 GO. 09 

Galena Finish-Angles (Minimum of Three Trials in Most Cases). 

1 

15000 / 


9°00^ 

12°45^ 

10°40^ 



9 

12°i6^ 


11 W 

9°3U^ 

10°00' 



3 

13°20/ 

7°50/ 

8°J5^ 

7°20^ 

6°15" 


9®55^ 

4 

7^50^ 

10°50/ 

6° 15^ 

7°10^ 

5°30/ 

7°30" 

9W 

5 


6°25^ 

5°50^ 

5°50^ 

5°05" 

7010/ 

7°00^ 

6 

3^05^ 

6W 

4°15^ 

5° 15^ 

4040/ 

5°55^ 

7°30^ 

7 


7°35^ 

3°o5^ 

5°35^ 

4°25" 


5°35' 

8 


4°30^ 

5°00^ 

4°45^ 

3°55^ 

4°55' 

6° 10' 

9., 


4049/ 

5°8U' 

4°35' 

3°5)' 

4°45'' 

5°40^ 

1o 

0^50^ 



4°15^ 

4°00' 

4°2(K 

5°05^ 

n 




4°00^ 

4°0U^ 

4°(:6' 

5° 10^ 

12 




4°00' 

3°50' 

4°or/ 


13 




4°U5'' 

4°00^ 

4°15' 

4°40^ 

14 

i®05^ 



4° 16' 

4°10^ 

4°20^ 

4°50^ 

15 




4°1.5' 

3°50-' 

4°10^ 

4°40^ 

i6 




4°20' 

4°05^ 

4°10" 

4°2f/ 

17 




4°05-' 

4°00^ 

4°A6' 

4n5^ 

18 

d°50^ 



4°30^ 

4°4U^ 

4“3.)' 

4° 15^ 

19 




5^00'' 

3°50^ 

4°J0' 

4°ir/ 

20 




4°30^ 

4^55^^ 

6°05' 

4° 15^ 

21 




4®4o^ 

4045/ 

4°60' 

4°4.3^ 

22 




6^oy 



4°50'^ 

23 




4040/ 

5°50^ 

5°20' 

5^5^ 

24 




5°30^ 

6°10^ 



25 1 




5°35^ 

7°20^ j 

5°30' 

4°55^ 


Water-Films .' — ^Plates VTI., VIII. and IX. are examples se- 
lected out of the fifteen plates which were drawn to get average 
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Plate IV 
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Grains which fall in an upward current of 30.12 mm, per second 
and rise ” ” »» n » 40.37 >> ” ’f 

O — Galena of .1305 mm. diameter X — Quartz of .3416 mm diameter 
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values for the thickness of water-film. Each plate represents a 
single rate of water-feed, and has all the film-thicknesses re- 
corded for that weight of water. From these observations 
average curves are drawn, and each point on the curves repre- 
sents : (1) the thickness of film (abscissa) which the given 

quantity of water will have with any angle of slope (ordinate) ; 
(2) where waves form, the angle at which the tendency begins 
is shown ; and (3) the average heights of both crest and trough 
are given. These film-thicknesses are considered important 
aids to interpreting the eftects of the finish-angles of Tables 
III. and IV. and Plates 1. to VI. The complete set of values 
of these film-thicknesses is given in Table VI. Curves of 
water-thickness are also given on Plate X. These latter values 
are calculated from the figures given in Table VI. by assuming 


Table IV . — Quartz Finish-Angles at Which All the G-rains Move, 

Milhoieters per Second of Current Which Lifts the Particles 
„ ^ , 1.26 2 51 5 05 14 6S 40 37 50.08 70 34 

Pounds of 

Water per Min- Millimeters per Second of Current in Which the Particles Fall. 

uteon2Feet n 1 26 2.51 10.01 30.12 40 37 60.09 

of Width 

Quartz Finish-Angles (Maximum of Three Trials in Most Cases). 


1 

40 

S°20^ 

1°55^ 

3®4o' 

n°oy 

7^30' 

8°-IO' 

2 

3°40'' 

2°35^ 

2°25^ 

3°25^ 

7°30^ 

5°20' 

5°25' 

3 

2°30^ 

2°5U' 

2°05' 

3° 15^ 

4"‘50' 

3°2o' 

•4no' 

4 

2°40^ 

2°30^ 

2°20^ 

3°00^ 

3°5i/ 

3no' 

3° 15' 

5 


2°20' 

2°00^ 

2'’35' 

3®30^ 

3°00' 

S'^OO' 

6 

1°05^ 

2°35' 

2®0tK 

2°40'' 

3=’10'' 

3°10' 

2°45' 

7 


2°05' 

2°05^ 

2°35' 

3°00^ 

2°55' 

2°5i)' 

8 


2° 15^ 

2°10^ 

2°40^ 

2^50^ 

2°50' 

2°35' 

9 


2°15^ 

2®10' 

2°4y 

2°60' 

z^oy 

2°50' 

10 

0°50'' 

2° 15^ 

2mo^ 

2°k5^ 

2°50' 

2°4o' 

2°55' 

11 


2°0(K 

2°15' 

2°45/ 

3°05^ 

2°5y 

2°40' 

12 



1‘=’35^ 

2°20^ 

2°05/ 

3°()5' 

3°00^ 

2^40' 

13 


2°00'' 

2°10^ 

3° 15/ 

3°25^ 

2°50^ 

3U0' 

14 

l°0a/ ! 

2°06' 

2°0U^ 

2°40'' 

3°30^ 

2°55^ 

3° 15' 

15 


1°55' 

1°40'' 

2°()5^ 

3°05^ 

2'=50' 

3^05' 

16 


rw 


2°00^ 

3=^3u^ 

2°55' 

ano' 

17 


2 ° 4 V 

2°00' 

roO^ 

3°30^ 

2°50' 

3°25' 

18 

0^50' 

1“20' 

l°4lK 

rw 

3^5' 

2°45' 

3''25' 

19 


3 “35'' 

1°35^ 

2°oy 

3°10' 

2°45' 

3° 15' 

20 


2° 15' 

! 1^46'' 

2°S0^ 

8° 10' 

2^25' 

2°45' 

21 


1°50' 

1°50' 

2° 10^ 

2°15' 

B°05^ 

3°30' 

22 


1°3()' 


1°40^ 

2°0>' 

2°45' 

4°00' 

23 


1°15' 

1°25^ 

2°05^ 

2°40' 

2° 20' 

3<^()5' 

24 


1°45' 

1^50'' 

1°35^ 

I l°3o' 

i 2°10' 

2^45' 

25 


1°3U' 

1°55^ 

VoO" 

2°10' 

2^20' 

2^40' 


that the mean thickness of the film is one-third the way from 
the thickness of the trough to the thickness of the crest. 
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Grains which fall In an upward current of 40.37 mm. per second 
» and rise >» » « » 50.08 » ” 

0 Galetia of .MOi mm. diameter X Quartz of .8880 mm. diameter 


* The galena-angles for these quantities of water were all above 11®. 



Table VI . — Thickness of Water-Films in Inches. 
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Pounds of Water per minute 

Grains which fall In an upward current of 60.09 mm, per second 
and rise »» »> n 70.34 

O ~ Galena of .1097 mm. diameter H ~ Quartz of 5892 mm. diameter 

* The galena-angles for these quantities of water were all above 11®. 




Table VII. — Velocity of Water-Current on the Table in Inches fcr Second. 


96 


SORTING BEFORE SIZING, 




T— I uo ic o o o ; 

CO 'St' CO Jc>^ T-s ca . 

O (Oi o ca c4 oo ; 

r-^ rH r-i CM OM • 






o 

CC (M UCO luO O O LO 

1— f O JO- lO) T--I CM 






I'- 

O T--t ic O- O CM CO 
r-l T~l r-( CM CM !M 







cacaoAOOCMOO : 
r-i CO CO -'tf CO CM CO CM . 





vO 

»rS o CO ic ca o r-H ; 

tH rH tH r* < rH CM <M * 






O-'st'i—iiJOi'OOOOuO 

CMCOiOOOPilOCMLCO 





CO lo O CM* CO CO to uO 

rH »— I r— 1 r—l rH rH rH 





o 

O lo O coa ,-H o o to : 

tOCOCOOOrHO-O - 





cs 

COcDCarHMCOCO's:^ : 

t-H rH rH rH rH • 




9 


CCO-tOrHCOOtOQOtO 

lOrHHtl'st<rHrH0O''C^rH 




§ 

<N 

c4ocx5cr. OrHrHCMCO 
rH tH rH rH rH 




pi; 

E=5 

■M 


OOOtOOCOrHloaatO 

lOtOtOtOO'CfCOtOrH 




<N 

(MtOiocX)coa(5acsaOrH 
rH rH 




o 

S 

0? 

oo 

iH OO rH CO O tO to 

CO 00 ''CH CO O Hp 

CM Hp CO Jt>l Jl> c>o o6 












o 


CacMQOCOOCOI>- 
t>- o CO CM oa o CM 

rH Ht? to CO* CD 





oa 

Q 

o 

oooococMcPcsato 

HflcMOtOCPrHHHcp 





P 

iS 


THCOHp'cH'st'tdtoto 






to 

(M CO CO oo ca eta <3a ca ca : 

i>- o CO uo to to to to : 






rH (M cd cd CO CO CO CO CO J 






t> to 1>- rH rH CO CO CO CO CO 1>- !>■ 1 1 1 1 1 

rHCOCOlHCaOOOOCDrHrH ; ; .* ; ; 




rH rH CM CM CM c6 cd CO CO CO CO CO [ ! j J I 



CSJ 

t0C50OC0cMCMCMC0C0C0Ht''rtlt-l>- : I 1 
to CM CD CO (3a Cia Cia o O O i—j rH CM CM ; : : 




O rH tH r-5 rH rH rH <M <M tM (M CM CM CM ; [ j 



r-l 

COOrHtHCOO'»C30t^OOOOOHfTf'st'''t'CMCMCMCM 

CMCOOOrHCMCMcMCOHt''OOCOlHJCHtHl>-C3aC!aoaoa 



O CD rH rH rH rH rH rH iH tH rH rH rH rH rH rH rH rH 

rH rH rH 


0.5 

COCJaOt^OCOCCCDCOCOCOt>-I>-i>'»>*tHt>- : ‘ ' 

rHtococxjcxjoacDoaceacacaoaoooOCDO ; : : 

OOOOOOOOO'OOOrHrHrHrHrHrH 1 J * 


C£S 

£ 


OT-i<^lCO'*!*<xO':OJt>-OOa50T-HC<ICO'^J»OCOI>.(X)a: o 




SOETINff BEFOBE SIZING. 


97 







98 


SORTINa BEFOBE SIZING. 


Velocity of the Current— HYiQ velocity of the water-current 
(see Table YH. and Plate X.) is computed upon the assumption 
that the average thickness of film is one-third of the way be- 
tween the thickness of the trough and that of the crest. These 
velocities will have a bearing upon the carrying-power of the 
water, and, therefore, upon the work of the slime-table. 

Waves . — The tendency to form waves is best shown in Plate 
XI. The lines marked 10, 15, 20 per cent, and so on trace out 
that part of the field where the wave is elevated above the 
trough to a height of 10, 15, 20 per cent, and so on, of the 
thickness of the'trough. Plate XI. was prepared from fifteen 
plates, of which Plates YU., YIH. and IX. are three, and from 
Table YT. This is an exceedingly interesting plate. It ex- 
plains much that happens upon a table. 

Conclusions. 

JPrelimmary Classification . — Custom in this country has very 
nearly abolished classification of slimes. In some instances the 
overflow of the last hydraulic classifier is sent to a Spitzkasten 
apparatus wdth two or three pointed boxes, the product from 
each box going to its table; but it is more common to send 
these slimes to a distributing-tank, which sends whole slime 
to each of the tables, all of which are fed alike with a like 
quality of slime. 

Is this wise ? The author is of the opinion that it is not 
wise, for the following reasons: Practice employs 6 to 14 
pounds, or an average of about 10 pounds of water per minute 
on every 2 feet of width. This quantity washes away with the 
tailings the whole of the first slime-sort shown in Tables III. 
and lY. on any slime-table that has a slope of 0.42 inch or more 
per foot, while, in fact, there is scarcely a table in the United 
States that has less than |-inch slope to 1 foot. Again, upon 
a glance across Table lY., it is noticeable that heavier slime- 
sorts are not suited to the same angle as lighter slime-sorts 
with the same water. 

The Quartz- and Galena-Curves . — ^In Plates III,, lY., Y. and 
YI. the quartz-curve, passing from left to right, first drops 
somewhat, then bends round to nearly horizontal, diminishing 
a little as the water increases, and, except for the sudden fall at 
the left, it is nearly straight. 
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10 tbs. water per minute on surface 2 ft. wide. 
X - Crest of wave o - Trough of w&ve 





100 


SORTING BEFORE SIZING. 


The galena-ciirve behaves very differently. It begins quite 
high up on the left, falls cloivu rapidly as the water increases, 
then assumes a horizontal direction, and finally rises again to a 
considerably increased angle with large quantities of waiter. 

Two questions arise, both of which are of interest in ore- 

dressing: 1. What is the cause of difference between the quartz- 

and galena-curves ? and 2. To what conclusions does it point ? 

First, as to the cause. Eeferriug to Plate XI., one sees that 
the tendency to form waves almost exactly corresponds to the 
galena curves (see Plates III., IV., V ., VI.), that is to say, where 
the waves form freely, there the galena moves with a low angle. 
The higher the wave, the lower the angle at which the galena 
moves. This tendency of the waves to hurry the galena oft 
the edge of the table, under the conditions here considered, 
suggests harm to the table-work. The waves might not be a 
hindrance to the ore-dresser if the quartz were affected in the 
same way as the galena. This, however, is not the case ; the 
quartz is all washed oft' the table at an angle of slope at which 
the waves are slight, or do not exist at all. On this account the 
quartz does not show a corresponding dropping of the angle with 
that shown by galena. It is quite fair to presume that, if some 
way could be devised of killing the waves, galena would have a 
curve far up in the steep angles and parallel with the quartz all 
across. 

Secondly, to what conclusions does this curious phenomenon 
point? The wider the interval between the quartz and the 
galena, the better would the field appear to he for treatment. 
If, for instance, all the quartz can be washed oft' while all the 
galena can stay at rest upon the table, then the results should 
be of the best. Xow, there are two areas where the curves recede 
from each other. One is in the small water-quantities (2 pounds 
to 6 pounds), the other is out towards 20 and 25 pounds. Those 
two areas point out two places of good treatment. The 25- 
pound area may be ruled out on account of the large quantity 
of water needed, unless there be special cases or special 
designs made which will enable the large quantity of water to 
treat also a large quantity of ore and so justify its adoption. 
We are left then for the most work to the small water area 
from 2 to 6 pounds of water, more or less, and to quartz-angles 
that are a little steeper in this part of the field. 
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Criticism may be directed towards the fact that these tests 
have been made mth a plane table, whereas most of the wash- 



ing is done upon convex conical tables. In reply it may be 
said that the convex table has a speed of flow and a thickness 
of film diminishing from the center towards the circumference, 
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but the amount of change is very slight for 1 foot of distance 
when near the circumference of the table. If, therefore, the 
water be adjusted to give the quantity desired for the space, 
say from 1 to 2 feet from the margin, the conditions should be 
found there to be practically the same as on the plane table. 
ISo matter what may have happened higher up the slope, when 
the grains reach this foot of surface they should obey the law 
and stop or roll according to their size, the degree of slope and 
the amount of water. 

Slope- Angles and Water-Quantities of Best Treatment — To bring 
the results down to a practical basis a line A B of best treat- 
ment has been drawn upon each of the Plates 1. to YI. Some- 
where upon this line, in the author’s opinion, will be found the 
best treatment for the particular slime-sort. The water-quan- 
tities and slope-angles for the two points A and B are given in 
Table Y. 


Table Y. 


Particles 
fall in 
current of 

Particles 
rise m 
current of 

Point A. 

Intermediate 

Point. 

Point B. 

Water. 

Slope. 

Water. 

Slope. 

Water. 

Slope. 

Millimeters. 

0 . 

1.26 

2.51 

10 01 
30.12 
40.37 
60.09 

Millimeters. 

1.26 

2.51 

5.05 

14.68 

40.37 

50.08 

70.34 

Pounds. 

1 

2 

2 

2 

4 

4 

4 

8® 

5° 

5° 

4°20' 

40 

4°30' 

Pounds 


Pounds. 

4 

5 

5 

7 

10 

10 

11 

3° 

3°20^ 

3°20^ 

3"20^ 

3°00'' 

3°20'' 

3^20' 







7 

3"20^ 






These slime-sorts can be grouped together into three classes : 

I, Particles which fall in 30 mm. and rise in 70 mm. per sec- 
ond current. 

IL Particles which fall in 1.26 and rise in 30 mm. 

III. Particles which rise in 1.26 mm. 

If these three great groups are adopted they will probably 
each be found to contain particles sufficiently near each other 
in behavior to be treated alike. 

The plates clearly suggest a small quantity of water and 
steeper slopes for finer products, and a large quantity of water 
and gentler slopes for coarser products. The author has already 
seen, in the course of these experiments, indications that, in 
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products wHeli are Tvell sorted, galena and quartz are suscepti- 
ble of separation by large water-quantity and flat slope, even 
when the quartz is as large as 10-mesh. 

Present cind Proposed Pixictice Ckonpaved . — ^Present practice uses 
tables ranging in slope from J inch to IJ inches to the foot. It 
also uses quantities of water for 2 feet of width that range from 
6 pounds to 14 pounds. If we put the average at 10 pounds 
and consider a table with 1 J-ineh slope to the foot, then com- 
paring Tables III. and IV. and also Plates I. to VI. we see that 
both the quartz and the galena are moving for the edge of the 
table. They are, in fact, racing and the quartz is winning the 
race. 

A table with |-inch slope to the foot, and with 6 to 7 pounds 
water would be, for some slime-sorts, within the author’s figures ; 
and the galena would be largely at rest upon the table, with the 
quartz departing from it. We may compare the two methods 
then by the two words “ racing ” and “ departure.” Most of 
the tables at present used are working in the portion of the 
field where the quartz and galena curves are closest together, 
and would seem therefore least advantageously placed. They 
are able to do this, because they are working upon the “racing” 
principle. The method of departure which the author suggests 
selects its area where the curves are far apart, where the galena 
may easily be put to rest upon the table and the quartz roll away 
and leave it behind. 

Thus far, in this comparison, the ground has been taken that 
slimes should be sorted with a positive hydraulic and that an 
angle slightly larger than the quartz finish-angle is the right 
one to use, and the inference might be drawn that the writer 
condemns all the tables at present used. It would not be fair 
to the present practice or to the writer to close this paper with- 
out further reference to this point. The present plan uses the 
Spitzkasten, or the settling-tank, to distribute pulp to the tables. 
With the former the coarser slime-sorts have with them finer 
slime-sorts which the tables throw wholly away; with the latter 
all the tables have fine slime-sorts which they throw away. 
Both systems usually send to waste the overflows, which may 
contain quantities of valuable ore. 

The mill-man has had in his possession no remedy for this 
throwing away of so much fine ore. In the first place, he has 
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had no device for preventing the great volume of Tvater from 
coming to this point, and no better way of handling it has been 
devised than to settle out what could be settled quickly, to treat 
it on a table, saving what could be got and to let the rest go. 

A proposition, then, which asks for j)ositive hydraulic to 
really classify the slimes, and does not diminish the quantity of 
the water until the last slime-sort is reached can hardly find 
favor unless it also suggests a way for diminishing the great 
quantity of water coming to this point. The author thinks this 
can be done by diminishing the number of ordinary hydraulic 
classifiers. They are all great diluters, and simply add water at 
that point which is to rob the treatment of large quantities of 
fine slimes, which must be lost in consequence. 

Why cannot the European limit of IJ mm., or even finer 
holes, for the last trommel be adopted ? One mill now operat- 
ing in the United States is sifting down to | mm. and jigging 
the last-sized product with very clean tails — cleaner, in the 
author’s opinion, than those of jigs which are treating separator- 
spigots, except, perhaps, those run on the Lake Superior basis, 
with finishing jigs below. 

The author believes that if our mills should use more trom- 
mels, carrying the sifting to a much finer point than at present, 
the tailings of the fine jigs would be cleaner and the systematic 
concentration of slimes possible. 

The overflow of the Spitzkasten^ or the distributing-tank, 
should not go to waste. It should all go over tables with suit- 
able slope, water-quantity and speed. 

Table-Speed . — It will be clear that with the gentler slopes and 
water-quantities proposed by the author the tables must also 
move more slowly to give time for the cjuartz to roll off. Iut 
stead of the present speed of one revolution per minute for a 
17 -foot table the speed must be diminished to one revolution in 
three minutes, five minutes or even more, as the work in hand 
demands. 

The more the subject is studied the more intricate it seems to 
be ; and when one hears that the slime-table has been tried at 
this place and at that, has proved a failure and has been thrown 
out, one is inclined to think that its principles were not under- 
stood, and that with a better knowledge of the apparatus such 
cases would be rare. 

von XXVII. — 8 
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I wisli to give credit to Messrs. William A. Tucker, Charles 
D. Demoiicl and 3 . Stoughton for the good work they have 
done in the experimental part of the preparation of this paper. 


The Distribution of the Precious Metals and Impurities 
in Copper, and Suggestions for a Rational 
Mode of Sampling. 

BT EDWARD KELLER, BALTIMORE COPPER WORKS, BALTIMORE, MD. 

(Chicago Meeting, February, 1897 ) 

In order to conduct intelligently the sampling of copper of 
various forms and grades, solid or in molten furnace-charges, a 
knowledge of this subject is essential. Yet figures and tests 
have been persistently withheld from publication, and the books 
at our command give us little or no information in this regard. 
This gap in our copper-literature has led to a series of experi- 
ments, the results of wdiich are given below. 

Yearly all gold- and silver-bearing copper, destined for ship- 
ment, is cast into the form of bars or pigs. For the sampler, 
the question arises, Does copper, so east, remain homoge- 
neous ? If it does, sampling should present no difficulties ; but, 
from experience, we know that this is not the ease, and avc are 
thus led to study the behavior of the precious metals and im- 
purities ill copper when the latter changes from the molten to 
the solid state. 

■ For the purpose of the experiments here described, all avail- 
able grades of copper were selected, and all of them were sub- 
jected to the same conditions, an imjiortant requisite for proper 
comparison. 

The molten copper obtained directly from reverb eratoiy- and 
blast-furnaces was cast in a east-iron mould, the sides and bot- 
tom of wdiich were 1 inch thick, and would, therefore, give the 
copper a fair length of time to chill. The inside dimensions 
of the mould, and, consequently, of the block of copper obtained, 
were: length, 10 inches; width, 9 inches; and depth, 6 inches. 

Fig. 1 illustrates the method employed to obtain samples 
from these blocks. A was cut a'way, and the face so produced 
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on B was marked off over one-half of its surface into l-ineli 
squares (it being assumed that the other half would give prac- 
tically the same results) ; and by drilling through the center of 
each square, 3 inches deep, the individual samples, as indicated 
by Sj, Sa, S^, S., etc., were obtained. 

In this way each block should have yielded twenty-five sam- 
ples. But, in the case of the unrefined copper, the uppermost 
inch of the block consisted mostly of blisters and some slag ; 
while, in the case of the refined material, the surface, on set- 



ling, had sunk nearly 1 inch. Brom eveiy one of the blocks, 
therefore (with a single exception), only twenty samples were 
considered. 

Fig. 2 shows the silver and gold determinations of a blister- 
copper for the twenty regular samples, as also of the upper- 
most crust, over the blisters. In this, as in the similar figures 
which follow, the amount of the precious metals is expressed 
in ounces per ton of 2000 pounds, the number for silver being 
in each couple the upper, and that for gold the lower. 
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For tlie purpose of general analysis of tliis block, samples 
■were taken from tlie bottom, center and top of B (Fig. 1). 
They gave the following results : 


Ag, . 
An, . 
Pb, . 
Bi, . 
Sb, . 
As, . 
Te, . 
S, . 


Bottom 

Center. 

Top. 

Per cent. 

Per cent 

Per cent. 

0.248 

0.641 

0.454 

0.00068 

0.00109 

0.00089 

0.002 

0.058 

0.019 

0.005 

0.055 

0.024 

0 048 

0.157 

0.099 

0.034 

0.108 

0.074 

0.004 

0.027 

0.019 

0.040 

0.112 

0.047 


Total, 


0.382 1.159 0.737 


Fig. 2. 



132.5 

C3ca' 


179.9 

201.1 

111.6 

100.7 

96.6 


0.34 

0.34 

0.24 

0.22 

0.22 


193.1 

195,2 

194.5 

122.0 

68.1 


0.32 

0.34 

0.34 

0.26 

0.20 


114.5 

117.0 

133.8 

105.1 

07.3 


0.22 

0.28 

0.30 

0.26 

0.20 


71.3 

70.3 

69.8 

69.8 

-7 

p 

Cl 


0.24 

0.22 

0 . 2 S 

0.22 
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0.22 
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Silver and Gold Determined in a Block of Blister-Copper. 


A glance at these figures convinces us that, in this ease, a 
eoucentratioii or segregation of precious metals and iiapuriticrt 
has taken place in a high degree towards — ^not the geometrical 
center, but — the center of solidification. This naturally lies 
above the geometrical center, more heat being given off at the 
bottom to the metallic mould than to the air on lop — for 
■which reason solidification proceeds more rapidly from the 
bottom. 

Of the degree of concentration we can best form an idea hy 
comparing each element of the bottom-sample with the cor- 
responding element of the center-sample. 

Dividing the value for the latter hy the value for the former, 
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gives us tlie degree of concentration from bottom to center. 
AVe liave accordingly : 


Element 


Concentration. 

Element. 

Concentration. 


. 

. 2.59 

Sb, . 

. 3.27 

All, . 


. 1.60 

As, . 

. 3.18 

pb, . 


. 29.00 

Te, . . 

. . 6.75 

Bi, . 


. 11.00 

S, . . 

. 2.80 


The difference of behavior of the various elements is sur- 
prising. 

That a sample which is not a coi’reet average from a bar or 
pig of such copper might lead to great errors regarding its 


— ^ Hg. 

3. 






1 

120.7 

0.30 

120.2 

0.30 

1248 

0.30 

123.7 

0.30 

114.5 

0.32 

2 

115.2 

0.26 

116.2 

0.30 

115.9 

0.30 

120.7 

0.30 

109.4 ■ 
0.80 

3 

116.5 

0.27 

■116.9 

0.30 

115.9 

0.30 

113.6 

0.30 

103.1 

0.80 

4 

109.9 

0.28 

108.1 

0.28 

110.8 

0.30 

^ 110.9 
0.30 

111.7 

0.32 
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Silver and Gold Determined in a Block of Defined Converter-Copper. 


silver- and gold-contents, needs no farther illustration. But 
copper-determinations also would he far from correct if made on 
a sample from any one part of such bar or pig. This will be- 
come evident at once if we take the copper by difference (100 
— amount of impurities) in the three analyzed samples : 

Bottom. Center. Top. 

Per cent. Per cent. Per cent. 

Cu by difference, . . . 99.618 98.841 99.263 

Fig. 8 represents a block of refined converter-copper, with 
silver and gold as found in the respective samples. 

General analyses were made of Sample 1, Samples 2 and 3 
combined, and Sample 4, with the following results : 
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1 2 and 3 4 

Oz per ton. Oz. per ton. 


-^g> • 

. 

, 


120.7 


109.9 

Au, . 



• 

.30 


.28 





Per cent. 

Per cent 

Per cent. 

Bi, . 



. 

0.0026 

.0017 

.0013 

Sb, . 



. 

. 0.057 

.060 

.051 

As, . 




0.022 

.021 

.014 

Te, . 



. 

0.008 


.0056 

0, . 



. 

0.293 


.200 

(Cu.O), 




2.687 


1.800 


Among copper-metallurgists it is customary to give the 
amount of cuprous oxide instead of the oxygen. Both figures 
are, therefore, here inserted. 

It will be noticed that the concentration of the precious 
metals and impurities in this second example is analogous to 
the first. They have moved from the sides and bottom towards 



Silver and Gold Determined in an original Converter-Pig ; Same Kind of Copper 

as Fig. 3. 

the center and top, but the degree of concentration is very 
much reduced. This may easily be explained by the fact tliat 
the refined co|)per contains a much smaller amount of impuri- 
ties than the blister-coj)per, and consequently a higher melting- 
point and a higher conductivity for heat. Both these prop- 
erties favor a more rapid solidification, and thus shorten the 
time during which the molecules can move towards the center. 

Fig. 4 represents an original converter-pig, of the kind of 
copper from which the previous sample was derived. The pig 
was drilled vertically through the center. The values found 
for silver and gold show no variation, as to distribution, from 
the two other samples already illustrated. 

Fig. 5 represents a refined copper, in which the amounts of 
silver and gold, as well as the impurities, are considerably 
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higher than in those represented by Figs. 2 and 3. In this in- 
stance, Samples 1, 2, 3 and 4, were analyzed as follows; 




1 

2 

3 

4 



Oz. per ton. 

Oz. per ton. 

Oz. per ton. 

Oz per ton. 

Ag. 


270.4 

309.4 

350.0 

353.0 

All, 


2.80 

3.08 

3.36 

3.32 



Per cent. 

Per cent. 

Per cent. 

Per cent. 

pb, 

. 

0.204 

0.248 

0.351 

0.3‘d2 

Sb, 

. 

0.163 

0.1 85 

0.211 

0.217 

As, 

. 

0.134 

0.151 

0.197 

0.212 

Te, 

. 

0.0125 

. . . 

0.015 

0.0195 


Here again we see differences in the quantities of the ele- 
ments in each sample ; that is, concentration. But if we com- 


Fig. 5. 



270.4 

822.0 

328.0 

341. 4 

362.8 


2.80 

3.08 

8.10 

3.24 

3.82 


309.4 

838.4 

360.2 

357.0 

368.6 


3.08 

3.24 

3.82 

3.28 

8.36 

i 

3 

850.0 

851.8 

858.0 

853.4 

364.6 


8.86 

8.82 i 

8.36 

3.82 

3.28 


353.0 

868.4 

366.2 

365.2 

360.0 

6h 

3.32 

3.40 

3.40 

3.40 

3.36 
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Silver and Gold Determined in a Block of Befined Copper. 


pare these with the former samples we observe the astonishing 
fact, that now we have the maxima in the position previously 
occupied by the minima, and vice versa. In other words, we 
have a copper in wdiich the conditions have been reversed. 
Instead of the precious metals and impurities concentrating 
towards the center, it is now the coj>per which takes that place, 
and leaves the former elements concentrated towards the out- 
sides. 

Fig. 6 represents a black copper from a blast-furnace, but 
showing all the characteristics of a blister-copper. It is, in its 
relations to our subject, an analogon to the preceding sample. 

Five samples were subjected to general analysis as follows : 



112 PRECIOUS METALS AND IMPURITIES IN COPPER. 



1 

2 

s 

4 

5 


Oz per ton. 

Oz per ton. 

Oz per ton. 

Oz per ton. 

Oz per ton. 


. 379 

337.8 

350.2 

364.4 

425.6 

Au, . 

1.04 

1.00 

0.88 

1.00 

1.04 


Per cent 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Pb, . 

. 2.487 

2.445 

2.366 

2.531 

2.851 

Bi, . 

. 0 400 

0.360 

0.360 

0.310 

0.420 

Sb, 

. 3.438 

3.073 

2.820 

2.789 

3.929 

As, 

. 0.705 

0.716 

0.630 

0.627 

0.706 

Te, . 

. 0.892 

0.768 

0.814 

0.856 

0.882 

a. 

. 0.538 

0.467 

0.462 

0.487 

0.469 

Fe, . 

. 4.220 

5.050 

4.430 

5.460 

3.500 


It will be seen here that sulphur and iron have behaved dif- 
ferently from the rest. Sulphur shows irregularities, while iron 


Fig. 6. 


1 

379.0 

887.6 

378.0 

427.2 

507.8 


1.04 

1.00 

1.00 

0.92 

1.00 

Q 

837.8 

362.2 

884.0 

399.8 

489.4 


1.00 

0.92 

0.92 

1.04 

1.04 

O 

850.2 

355.8 

361.0 

392.6 

474.6 

o 

0.88 

0.8S 

0.92 

1.04 

1.04 

d. 

364.4 

374.4 

381.2 

402.8 

488.8 

tfc 

1.00 

1.00 

1.00 

1.08 

1.04 

5 

425.6 

424.0 

432.8 

458.0 

505.6 


1.04 

1.04 

1.04 

1.00 

1.00 
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Silver and Gold Determined in a Block of Black Copper from a Blast-Furnace. 

has concentrated towards the center; it has gone with the 
copj)er. 

It will be observed also that the minimum amount of oa,ch 
element is not found in the same sample for all. In sample 
No. 2 we have the minimum for silver and tellurium, in No. 3 
for gold and lead, and in No. 4 for bismuth, antimony and 
arsenic. 

The blocks of copper represented by Figs. 2 and 3 wore 
comparatively low in their contents of precious metals and iin- 
pimties, while those in Figs. 5 and 6 were comparatively high. 

The sample represented by Fig. 7 is low in precious metals 
and high in impurities, yet we find that the silver has concen- 
trated in accordance with the latter class. A general furnace- 
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sample of this copper showed the following composition : Ag, 
62.2, and All, 0.14 ounce per ton; Pb, 0.78; Bi, 0.0035; Sb, 
0.288 ; As, 0.052 ; Te, 0.0095 ; S, 0.796 ; and Fe, 0.17 per cent. 

Pig. 8 is a photographic reproduction^ of the face, B (Fig. 
1), of the block of black copper represented in Fig. 6. 

"With the distinctness of a drawing it shows, by curved lines 
or cavities, each successive zone of solidification, and, by straight 
lines or cavities, the direction of solidification and concentration. 
The latter are perpendicular to the tangents of the curves, and 
converge towards the center of solidification, which is also 
clearly indicated much above the geometrical center, for reasons 


Fig. 7. 
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4i 

59.6 

59.2 

60.3 

60.4 

61.3 


60.7 

60.3 

60.8 

60.9 
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60.5 

60.8 
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Silver Determined in a Block of Black Copper of Lower Grade. 

already given. The curved linear cavities were not readily dis- 
cernible on the fresh cut, but were brought out plainly by rub- 
bing with damp charcoal-powder. 

The results thus obtained clearly prove the existence of two 
classes of copper-alloys. As already pointed out, in one class 
the foreign elements concentrate towards the center of solidifi- 
cation ; in the other the copper concentrates to the center, while 
the foreign elements appear to have concentrated towards the 
outside. 

bTot a single element tested for has remained homogeneously 
distributed, but the degree of uneven distribution varies with 
each one. 

From data given in Hofman’s Metallurgy of Lead^ pp. 244 

* For the photograph the writer is indebted to Mr. William Keyser, Jr., of 
Baltimore. 
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and 245, I conclude that that metal shows the same character- 
istics in this respect as copper. This is confirmed by the ai’ti- 
ele of A. Ealit in the Mineral Industry, 1894, p. 414. Mr. Ralit 
gives a few instances in which he shows that silver and gold in 
base bullion bars are highest at the bottom and sides, and 
lowest towards the top. He quotes Rosenlecher (from the 
Berg-imd Hutteyim. Ztg,, October 5, 1894) as having found ex- 
actly the reverse, and accused the latter of strained figures, pet 
theories, etc. In my judgment there is no substantial reason 
for this inference. Undoubtedly Rosenlecher is as correct as 
Eaht, and Eaht as correct as Rosenlecher, The experiments of 
either covered but a narrow field, and neither discovered what 
the other did. 

Very likely many alloys behave similarly, and homogeneity 
cannot be found in any of them. 

Edward Matthey, in Nature, Ho. 1394, vol. liv., page 258, 
calls attention to the fact that bars of gold alloyed wfith zinc 
and lead show very uneven distributioli, gold having concen- 
trated to the center and bottom, gravity being one cause. 

To overcome difiieuities in sampling such material, Mr. 
Matthey looks for a solvent, and finds silver to be the medium. 
His figures cannot be pronounced entirely conclusive, and the 
method he proposes for obtaining reliable samples is very cir- 
cuitous, to say the least, although the evil to be overcome is 
thereby minimized. 

With reference to the jDractieal question of sampling, we 
must draw from the indubitable facts stated the conclusion that 
it is almost impossible to obtain, from bars and pigs of the 
usual unsuitable dimensions, by drilling, punching or chipping 
samples of satisfactory accuracy. As we have seen, concentra- 
tion takes from or towards every surface. Hence, in 

such bodies of metal, wdiat might appropriately be called a core 
is formed in the center, which is enriched or impoverished, as 
the case may be, and which does not conform in shape to the 
outer surface. It is for this reason so difficult to obtain aliquot 
parts of the diflerent portions of a bar or pig. The root, then, 
of the difficulties of sampling, so often complained of, lies in 
the irrational shape into which the various metals arc east. 

Another conclusion to be drawn from observed facts is the 
following : 

When we take from a molten mass of copper a sample by 




Face B (Fig. 1) of tke Block of Black Copper shown in Fig. 6. The border-line 
outside of the photograph is not part of the face. 
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means of a ladle, the latter must be so hot as not to allow the 
forming of any solidified metal (sculling), for should this hap- 
pen, the remaining liquid portion, wdiieh is to constitute the 
sample, would be for one class of copper too high in its con- 
tents of precious metals, and for the other class too low. If, 
however, we pour from a ladle, in which the wdiole metal is 
liquid, a so-called shot-sample, there is no assignable reason 
why it should not be a correct sample. ’VThen large samples 
of shot are taken from charges, which are supposed not to he 
homogeneous, they must, of course, be remelted, and a smaller 
sample taken in the same way, or a sample-plate must be cast, 
for w'hich the rule described below must be observed; other- 
wise, the final sample may become erroneous. 

In most smelting- and refiniiig-w'orks sample-bars or cakes 
are desired, and to produce these in the proper shape should 
be the duty of the sampler. 

To eliminate all the difficulties inherent to pigs and bars, as 
above described, w^e only need to reduce one dimension ; or, in 
other words, to cast a plate, the thickness of wdiieh is small 
compared to the other two dimensions. Of course, concentra- 
tion in this plate is governed by the same law as in any other 
body : it takes place from or toward the center. But the con- 
centration in the horizontal direction, from the sides, can extend 
no farther than a distance equal to the thickness of the plate, 
for when the solidification has proceeded that distance hori- 
zontally the plate has entirely solidified vertically. We thus 
have all around this plate a zone not wider than its thickness, 
wdiere concentration has taken place just as in a bar or block; 
that is, both horizontally and vertically, and consequently w^e 
have one enriched and one impoverished band around the four 
sides. In the part of the plate enclosed by this zone we have 
had concentration in the vertical direction only, and the plate 
here consists, therefore, of what we may term layers of metal 
of different concentration. If w^e drill or punch through all 
of these layers w^e obtain a correct sample of the whole plate. 

This seems to he the simj)lest solution of the sampling of 
any metal or bullion. It is difidcult to see any reasonable ob- 
jection to the casting into plates of appropriate size of any such 
material destined for shipment, of which subsequent sampling 
is required, and for which the remelting and taking of samples 
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from furnace-cliarges is impracticable. Uncertainty in sampling 
would thus be eliminated, and if beveled edges were given to 
tlie plates tlie handling of them would not be more difficult 
than that of bars. 

Fig. 9 represents a plate of refined converter-copper 15 inches 


Fig. 9. 
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Diagram Showing Method of Taking Drill-Samples 'from a Plate of Eetined Con- 
verter-Copper. 

square by 1 inch in thickness. The holes designated by small 
letters were drilled with a |-iiich drill, J to inch from the 
edge of the plate. The drillings from each side were collected 
in one sample, making the four samples a, c and fL 

The other holes were drilled with a |-inch drill. Those 
designated by Arabic figures are from to J-inch from the 
edge. Those with Eoman figures, and the preceding ones, 
were drilled through the plate. The three marked A were 
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drilled J-ineli deep, and the drillings collected for the top-sam- 
ple, then drilled through the plate for the bottom-sample. 

The assays, in ounces per ton, were as fallows : 


Asscajs of Silver in Ounces Per Ton. 


Sample. 

Assay Sample 

Assay. 

Sample. 

Assay. 

Sample 

Assay 

a, . 

. 105 1, 

. 99.2 

I,- 

98.4 

A, top, . . 

, 99.9 

5, . 

o 

o 

. 10B.2 

II., 

98.8 

A, bottom, . 

. 98.0 

c, 

. 101.7 3. 

. 104.2 

III., 

98.9 

Average, 

. 98.9 

d, . 

. 100.1 4, 

. 99.8 


97.6 



Average, 

. 101.9 5, 

. 98.6 

V.,. 

99.6 




6, 

. 97.8 

VI, 

99.0 




7, 

. 98.5 

VII., 

98.2 




8, 

. 99.3 

VIII., 

99.4 




9, 

. 98.7 

IX., 

99.0 




10, 

. 98.9 

Average, 

98.7 




11, 

. 99.4 






12, 

. 99.4 






13, 

. 98.9 






14, 

. 103.7 






15, 

. 98.5 






16, 

. 99.5 






Average, 99.85 






In the discussion of the theory of a thin plate it was pointed 
out that there must exist around the edge a zone of higher 
and one of lower concentration than in any other part of the 
plate, due to the horizontal and vertical movement of the mole- 
cules ill this zone. The assays have demonstrated the correct- 
ness of that statement, although the zone does not seem to he 
strictly defined. This undoubtedly is due to temperature-con- 
ditions of the mould and currents created in pouring the 
metal. 

The vertical concentration in the plate, inside the edge- 
zone, is also clearly demonstrated by the top- and bottom- 
samples. These assays were repeated several times, while the 
rest were all made singly. 

The samples and assays of the edge-zone are, of course, in- 
correct representatives of the true contents of the plate and 
the furnace-charge which it represents. The correct figure 
should be the average of assays I. to IX. inclusive, or 98.7 
ounces, or the average of A, top, and A, bottom, 98.9. The 
two figures are very close together. 

The plate from which the above figures are derived was cast 



118 


PRECIOUS METALS AND IMPURITIES IN COPPER. 


ill a moiilcl 'svitli very lieavy bottom and thin sides. The solidi- 
fication, therefore, took place much more rapidly from the bot- 
tom than from the sides and top. Fig. 10 illustrates this pro- 
cess, representing a vertical section through the edge and part 
of the plate. At ;e' would be the highest or lowest point of 
concentration, according to the class of copper, the molecules 
meeting there from top, sides and bottom. At I would be the 


Fig. 10. 



Vertical Section Through Edge and Part of Plate (Fig, 9). 

highest or lowest concentration of the layers, the molecules 
meeting from top and bottom. 

For practical sampling plates from 8 to 10 inches square are 

Fig. II. 

Top 


Center 


•— Bottom 


Diagram Showing Positions of Samples in a Liquid Charge of Copper. 

of ample size, but they should not be more than 1 inch thick, and 
the drillings should be taken at least 1 inch away from the 
‘edge through the entire plate. 

Having seen how a correct shot-sample, or a reliable sample- 
plate is obtained, we may now investigate how copper in its 
molten state is constituted. 

The table below gives the results of tests, made for about 
three weeks, with furnace-charges of from 90,000 to 110,000 
pounds of refined converter-eojiper. The copper having been 
poled, was, therefore, well mixed. Sample-plates were taken 
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in the middle of every third of the charge as it v'as tapped 
from the furnace, a practice adopted at these works. Fig. 11 
illustrates the position of the samples in the charge. 


Top, . 

Center, 

Bottom, 

Top, . 
Center, 
Bottom, 

Top, . 
Center, 
Bottom, 

Top, . 
Center, 
Bottom, 

Top, . 
Center, 
Bottom, 


Assays from JFumaee- Charges. 


Oz Ag. 

Aver. 

Oz Ag. 

103.7 1 

1 

115.4- 

106.6 

[105.8 

113.9 

1U4.3. 

I 

115.7- 


Aver. 

Oz Ag. 

113.0-j 

Aver. 

115.0 

111.8 

-111.6 


110.1 3 



110 4 ^ 

110.2 1 109.9 

109.1 3 

107.8-. 

107.9 1 107.9 

107.9 3 

108.1 ^ 

108.1 1 108.1 

108.2 3 

106.9^ 

106.0 [106.2 

105.7 3 


109.1 

108.9 [108.7 

108.1 3 

107.9^ 

108.6 [ 107.7 
106.63 

108.5 •. 

108.8 [108.5 

108.1 3 

105.6^ 

106.2 [105.9 

105.8 3 


109.3^ 

108.4 [108.8 

108.7 3 

107.4^ 

107.9 [ 107.7 
107.93 

106.8 X 

106.9 [107.0 

107.43 

101 . 2 ^ 

101.4 [101.3 

101.43 


Oz. Ag. Aver, 
110.5^ 

109.7 [110.0 

109.8 3 

108.2. 

108.1 [108.1 

108.1 3 

107.8. 

108.2 [lOS.O 

108.0 3 

105.8. 

106.8 [106.4 
106.5 3 

103.4') 

101.8 [102.2 

101.43 


The greatest irregularities occurred during the first few days, 
and were due to the furnace being new, and the bottom sea- 
soned with non-silver-bearing copper. 

Each assay was made singly only, and some of the differences 
maybe attributed, therefore, to possible experimental errors; 
although nearly all are within the usual allowable limits for 
this kind of work. 

The following are the values in ounces per ton for silver and 
gold of three successive charges from a furnace of 30,000 
pounds. 


Ag. Average. An. Average. 


Top, . 


. 




. 163.6^ 

0.24 

Center, 






. 163.2 [163.1 

0.24 [0.24 

Bottom, 


• 




. 162.63 

0.243 

Top, . 






. 383.9') 

2.92'! 

Center, 






. 363.3 [363.3 

2.96 [2,95 

Bottom, 






. 362.53 

2.96 3 

Top, . 






. 319.9') 

2.32-1 

Center, 






. 320.1 [320.0 

2.36 [2.35 

Bottom, 






. 320.1 3 

2.363 


On the strength of these results, it is safe to say that any 
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charge of molten copper, once thoroughly agitated and mixed, 
is and remains uniform; and a sample taken from anj pait 
correctly represents the whole eharge. 

The subject treated above is not only of practical importance ; 
it has also a very interesting scientific side. 

It is, of course, nothing new to find uneven distribution of 
the elements in an alloy; hut that this distribution shoiihl take 
place within very narrow limits of the quantities of these ele- 
ments present, in two diametrically opposite ways, as shown by 
the preceding experiments, is a subject which has not been dis- 
cussed, and which is decidedly perplexing to explain. 
law known to the writer would apply to this remarkable phe- 
nomenon. 

As shown by the analytical figures, the impurities, in the 
cases where they have concentrated to the centex*, have a fai 
higher degree of concentration than in the ease where they 
have gone towards the outside. 

This is readily explained. In the first case the molecules 
move in the same direction as solidification takes place. 
They are, therefore, able to move and concentrate until the 
last jjartiele of the metal is solid. By the increase of iinpuii- 
ties towards the center, the melting-point of the alloj’ in that 
region is undoubtedly lowered, and thereby the solidification 
retarded, thus giving the elements more time to pursue their 
course. 

In the case of concentration towards the outside, the ele- 
ments move in the direction opposite to that in which solidifi- 
cation takes place, and by encountering the already solidified 
metal, their course is ended. The center being drained ot im- 
purities, its melting-point undoubtedly rises, accelerating tlio 
process of solidification, and reducing the time of motion and 
concentration. 

That each element shows a different degree of concentration 
has already been pointed out. In cxplairation of this fact, it 
might simply be said that it is due to the differences of affinity; 
which, of course, is true. But for this term “ affinity ” between 
metals, we have as yet no expression in values or figures. Wg 
shall, therefore, attempt to ffiid whether there is any relation 
between this and other physical properties of the atoms of the 
respective elements ; and shall, for that purpose, first consider 
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the case of the copper represented by Fig. 2 ; the differences 
here being best defined. 

In the following table the elements are arranged in the order 
of their degree of concentration. T is the melting-point in °C ; 

A the atomic weight ; D the specific gravity ; and Y ~ ^ the 

atomic volume. 


Concentration Compared loith Physical Properties in the Copper 

of Fig, 2. 


Element 

Concen- 

tration. 

T. 

A. 

n. 

V. 

Pb 

29. 

332 

206.4 

11.38 

18.1 

Pi 

Ih 

265 

210. 

9.82 

21.4 

Te 

6.75 

500 

126. 

6.23 

20.2 

Sb 

3.27 

437 

122. 

6.7 

18.2 

As ......I 

3.18 

500 

74.9 

4.7* 

15,9 

s 1 

2.80 

115 

31.98 

2.04 

15.7 

Av 

2.59 

967 

107.66 1 

10.5 

10.2 

An ..... 

1.60 

1037 

197. 1 

19.3 

10.2 

Cu 

0.992 

1057 

63.3 ■ 

8.8 

7.2 





Comparing the degree of concentration with the melting- 
point, we find a correspondence in a general way. The ele- 
ments of low melting-point show a higher degree of concen- 
tration than those of high melting-point. Sulphur forms a very 
marked exception to this rule. 

Between degree of concentration and either atomic weight 
or specific gravity, there seems to exist no direct I'elation. 
Q-ravity in this case, therefore, can be no factor governing the 
distribution of the elements. 

Finally, in the last column, the values for the atomic volume 
unmistakably show a similar arrangement as those for concen- 
tration. From this fact a law can be formulated (in the way of 
suggestion) as follows : When on the solidification of a metal 
(copper) the small amounts of impurities segregate, or liquate, 
and consequently concentrate towards the center, the degree of 
concentration is greatest for those the atomic volume of 
which, compared with the atomic volume of that metal, shows 


* This is the density given for anaorphous arsenic. For the crystalline form it 
is 5.67, consequently V = 13.2. 

VOL. XXVII. — 9 
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the greatest ditference. The influence of other properties 
(melting-point, etc.) would modify the law accordingly. 

If the law expressed be true, we should then have, for that 
class of alloys, an alloy-series of the metals, in which the latter 
are arranged according to their atomic volume. 


Metals in the Order of Atomic Volume. 


Elem. 

v. ' 

1 

Elem 

v. 

Elem. 

V. 

' Elem 

1 

V. 

Elem, 

1 

Elem 

V 

Elem. 

V, 

Ni 

i 

6 7 

On . 

7 2 

Rh. . .. 

S 6 

Ft . 

9 1 

An 

1 

10 2 

Mg ... 

13 8 

T1 

17 1 

Co. 

6 9 

Pd. 

8.2 

Ir ... 

8 6 

Zn . . 

9 1 

■A1 ... 

10.7 

In . . 

15 3 

Pb . 

18 1 

Fe. 

1 

7.2 

Ru .... 

8.4 

Os. . 

8 8 

Ag 

1 

10 2 

jCd 

12.9 

Sn . 

16 1 

Sb . 

Bi .. 

IS 2 
21 4| 


The theory thus deduced from an alloy of copper is in the 
main corroborated by an analysis of lead-bullion by Schertel 
(Hofinan’s Metallurgy of Lead, p. 244). Copper, iron and zinc, 
the atomic volumes of which difier most from that of lead, 
have concentrated in a higher degree than those which stand 
closer to the latter. Antimony, which is almost identical with 
lead in this property, has concentrated with that metal. Silver 
and bismuth do not appear to fall exactly in line. 

In that class of coppers in which the impurities are found 
concentrated towards the outside, the above rule does not seem 
to apply, but owing to the small differences in the degree of 
concentration, and consequent large influence of possible experi- 
mental errors, it would be too venturesome to attempt the 
establishment of another rule. One fact observed in the cop- 
per represented by Fig. 6 seems also confirmatory of the theory 


Concentrations Compared with Physical Properties in the Copper 

of Fig. 6. 


1 

Element. 

Concen- 

tration. 

T. 

A. 


V. 

Sb 

1,39 

437 

122. 

6.7 

18.2 

Pb 

1.21 

332 

206.4 

11.38 

18.1 

Ag 

1.21 

967 

107.66 

10.5 

10.2 

Au 

1.18 

1037 

197. 

19.8 

10.2 

Bi 

117 

265 

210. 

9.82 

214 

As 

112 

500 

74.9 

4.71 

35,9 

Te 

108 

500 

126. 

6.25 

20.2 

S 

• 102 

115 

31.98 

2.04 

15.7 

Cu 

.987 

low 

63.3 

8.8 

7.2 

Fe 

.79 

1 

2080 

55.9 

7.8 

7.2 
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expressed, namely, tlie concentration of the iron with the cop- 
per, both metals having the same atomic volame. 

The foregoing table gives the elements and their degree of 
concentration, as found in the above-mentioned copper, com- 
pared with the other physical properties. 

The degree of concentration was obtained by dividing the 
values of the 5th sample by those of the 3d. 

The material bearing on the subject here discussed is, as yet, 
too scant to permit the drawing of positive conclusions. It 
should always be remembered by investigators that to give 
their work full scientific value not only one or two elements in 
a combination of many, but the interrelations of all, must be 
observed and studied. 


The Hand- Auger and Hand-Drill in Prospecting Work. 

BY CHARLES CATLETT, STAUNTON, VA. 

(Chicago Meeting, February, 1897.) 

Much has been done of late years to facilitate prejiminary 
stratigraphical investigations, and for examination at consider- 
able depths and in a certain character of material the diamond- 
drill, in its general forms, certainly stands pre-eminent among 
the tools for such work. But there are large classes of deposits 
— indeed, I may say the larger proportion in which ordinary 
prospecting is done — ^which lie near the surface and are inter- 
bedded with soft and fine material. The method usually em- 
ployed for prospecting these is by means of small shafts. These 
are sunk with considerable slowness and at considerable ex- 
pense, depending largely upon the character of the material 
encountered, and are greatly interfered with by water. In this 
region the smallest are 3 by 4 feet, but they are usually con- 
siderably larger. 

Having had occasion during the past year to do a large amount 
of prospecting work, I have found the use of a hand-auger and 
drill of immense value in this respect, and in my practice it 
has largely superseded, and always preceded, the other forms 
of investigation. I believe that the information desired was 
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thus acquired at one-fifth what it would have cost by any other 
method. I am therefore satisfied that a brief account ot the 
work of this device will not be without interest to the members 
of the Institute. 

Mr. Darton, of the U. S. Geological Survey, has referred to 
the excellent results obtained in his -work by the use of a small 
auger, and a similar instrument has no doubt been used for pro- 
specting purposes; yet it seems to be to no one’s interest to 
manufacture them — at least I could learn of none on the mar- 
ket. I was therefore compelled to make them with such addi- 
tions and modifications as experience showed to be necessary. 
The result may be summed up in the following description of a 
set of the tools. 

1. An auger-bit of steel or Swede iron, with a steel point, 
twisted into a spiral, wfith an ultimate diameter of 2 inches 
and an ultimate thickness of blade of not less than J-inch. 
The point is found more effective when sjfiit. The length of 
the auger proper was gradually increased until about 13 inches 
was reached as the apparent maximum which could be used 
eifeetively. The 13-inch auger contains four turns. This was 
welded to the end of 18 inches of 1-inch wrought-iron pipe, 
on which screws were cut for connection. 

2. One foot of If -inch octagonal steel, with a 2-inch cutting 
face, which is likewise welded on to 18 inches of pipe, cut for 
connections. 

3. Ten feet of IJ-inch iron rod, threaded at either end for 
connection with 1-inch pipe. When connected with one of the 
drill-bits this becomes a jumper for starting holes through hard 
material. It is also used when desired to give additional weight 
to the drill in going through rock below the surface. 

4. Sections of 1-inch pipe and connections. 

5. An iron handle, with a total length of 2 feet, arranged 
with a central eye for sliding up and down the j)ipe and with a 
set-sere^v for fastening it at any point. 

6. A sand-pump, consisting of 1 or 2 feet of 1-inch pipe, with 
a simple leather valve and a cord for raising and lowering it. 

7. Two pairs of pipe-tongs or two monkey-wrenches, with 
attachments for turning them into pipe-tongs. 

8. Sundries : 25 feet of tape, oil-can, flat file, cheap spring- 
balance, water-bucket, etc. 
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Tlie anger is used bj two men, who, standing on opposite 
sides, turn it by means of the handle. The handle is also use- 
ful in giving a good purchase for starting the auger from the 
bottom of the hole, in opposition to the air-pressure, which is 
considerable. Enough water is continually used to just soften 
the material. Usually the auger brings up a small portion, 
which is dry and unaffected. Every few minutes, as the auger 
becomes full, it is lifted out, scraped off and replaced. The 
handle is moved up and tightened by means of the set-screw as 
the auger goes down. At every slight change of the material 
the depth and the character of the material are recorded. 

When hard material is encountered the auger-bit is screwed 
off and the drill-bit screwed on, thus forming a churn-drill, 
which may be used for passing through the hard material, the 
auger being replaced when softer material is reached. The 
churn-drill is used by lifting it and letting it fall, turning it 
slightly each time. Its weight makes it cut quite rapidly. 
When the drill is used the muck is either worked stiff enough 
to admit of its being withdrawn with the auger, or it is ex- 
tracted by means of the sand-pump or a hickory swab. In 
either case the material is washed and a sample is obtained of 
the stratum through wdiich the drill is cutting. After w^ashing 
all the material from one stratum the washed material is mixed 
and a sample is put into a bottle and labeled. In passing 
through wash-ore ’’ iron-ore consisting of small particles 
mixed in clay or other material that can be separated by wash- 
ing) the material is brought up by the auger, put into a vessel 
with a perforated bottom (an empty tomato-can, having holes 
punched in the bottom and provided with a wire-handle, does 
very well), weighed by means of the spring-balance, washed 
and weighed again, and thus an approximate idea is obtained 
of the proportion of ore in the material, while a sample is se- 
cured for analysis. 

As the mere recollection of the contents of the several holes 
cannot be safely depended upon, it is very important that an 
accurate record should be kept. To secure this is one of the 
difficulties encountered with ordinary foremen, though they 
are generally found to recognize accurately very slight changes 
of material. My foremen were provided with small vest-pocket 
note-books, and were soon trained to write down everything 
and to trust nothin^: to memory. 
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The holes were located as far as possible with reference to 
some natural object or to some other hole so located, and the 
distance therefrom was in all cases measured, not guessed at, 
the compass-direction being recorded. Every hole was marked 
with a substantial peg bearing its number and location. 

In designating the holes upon the record care was taken to 
avoid all causes of confusion. Separate properties, or great 
natural divisions on large properties, were designated by letters, 
minor diwsions by numbers. For instance, we would have as 
the first number at a certain location on a property Location 
H, Drill-Hole 8000.’’ The first number in the next natural 
division to the southward on the same property was designated 
''Location I, Drill-Hole 9000,” and so on. By allowing 100 
holes for the minor divisions of each locality, it was made pos- 
sible to return and put in additional holes without confusion 
or conflict. With such a record it was possible to plat the loca- 
tion of the holes in plan and elevation, and give a visible rep- 
resentation of the " lay ” of the strata intersected. 

Of course the best work with such tools is done on soft ma- 
terial, but it is entirely practicable to go through hard material 
(a few feet of quartzite or flint, and many feet of ore being 
often encountered in a single hole), and the ability of this sim- 
ple contrivance to go through interbedded layers of hard and 
soft substances makes it very efficient. 

The cost per foot increases considerably with depths exceed- 
ing 50 feet, but at the greatest depth I attained (some 80 feet) 
I did not reach either its capacity or the limit of its economical 
use as compared with other methods. 

IJp to 25 feet, two men can operate it; from 25 feet to 35 
feet, three men are necessary; from that to 50 feet, a rougli 
frame, 15 feet to 20 feet high (costing something over fl.OO), 
for the third man to stand on, is required. The frame can bo 
moved from point to point. Above 50 feet it is generally 
necessary to take off one or two of the top-joints each time the 
auger or drill is lifted. 

The following record of some holes and the time employed 
will be of interest. Labor was paid 90 cents per day of ten 
hours. A foreman at $1.25 could watch thi*ee or four holes. 
The only current repairs consisted in sharpening drills, and 
their amount, of course, depended upon the mateiial : 
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Sample-Itecords. 

Location E., D. H. 1300. On top of divide south of Cold-Short Bank. 
Twenty-five feet east of old work.^’ 

Feet 

Sand and gravel, 2 

Yellow clay, .......... 2 

Yellow clay and little ore, 4 

Solid ore, o 

White clay and ore, 3 

16 

Two men 10 hours. 

H. 1381,” etc. 

Feet 

Loose slide, 3 

Blue clay, 7 

Shale ore, 3 

Wash ore (f ore), 9 

Shale ore, ........... 3 

Wash ore (f ore), 15 

40 

Two men 11 hours ; 3 men 4 hours. 

H. 11,012,’’ etc. 

Feet 

Light yellow clay, 12 

Black flint, i 

Light yellow clay, 2^ 

W^hite sand, 1 

Solid sandstone, 2 

IS 

Two men 5 hours. 

«D. H. 181,” etc. 

Feet. 

Soft sand, 3 

Sandstone, 5 

Yellow clay, 6 

Soft red sandstone, 8 

22 

Time not taken. 

“D. H. 13,004,” etc. 

' Feet. 

Sand and gravel, 1 

Pink clay, -IS 

White clay, .10 

29 


Two men 5 hours. 
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“ D. H. 12,005,” etc. 

Feet. 

Liglit yellow clay, 


Solid ore, ^ 

Yellow clay, 1 

Solid ore, 

Yellow clay, 1 

White clay, 1|- 


Two men 6 hours. 


26 


H. 802,’’ etc. 


Feet. 

Sand, 1 

Shale ore, 4 

Yellow clay and sand, .9 

Sandstone, 5 


Two men 8J hours. 


19 


«D. H. 8006,” etc. 


Eed sand and sandstone, . 

Yellow clay with light streaks, . 
Light yellow clay, 

Dark yellow clay. 

Black clay, 

Light yellow clay, 

Light yellow clay with black streaks, 
Light brown clay with white flint, . 


Two men 15 hours ; 3 men 4 hours. 


Feet. 

19 

3 

8 

6 

2 

2 

10 

2 

52 


'‘D. H. 8003,” etc. 

Feet. 


Sand and sandstone (drift), 12 

Dark yellow clay and ore (J ore), 3 

Light yellow clay with little ore, 7 

Dark yellow clay and ore ( j ore), 9 

Dark yellow clay with white flint, 3 

Light yellow clay with small quantities of ore, ... 8 

Dark brown clay with little ore, 8 

Very black clay with small quantities of ore, .... 3 

Dark yellow clay with ore (| ore), 2 

Dark brown clay with small quantities of ore, .... 5 

Yellow lifeless clay, 3 


63 

Two men 5 hours ; 3 men 25 hours. 

The ore in most of the holes was brown hematite. In some of them it was xnan- 
ganese-ore. It varied very greatly in hardness. 
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The above records represent on the whole the most favorable 
conditions, the hard material being, as a rule, less than one- 
fourth of the entire depth, but it is interesting to note how the 
drill carries through the hard material and how the auger takes 
up the work on the other side. 

In addition to the economy of operation, which means either 
a saving of money for the same amount of information, or the 
expenditure of the same amount of money and the acquisition 
of more information, there are other marked advantages in the 
use of such tools. The land is not injured for other purposes. 
Badly located holes (and there are always such) do not remain 
as conspicuous blots on the property. The holes can be located 
at points where it would be exceedingly inconvenient to put 
shafts. They can stand an amount of water which would add 
very greatly to the cost of shaft-work. 

The following describes the way in which T have used the 
holes in a particular instance : 

The iron-ore deposits of the Potsdam, as they are found in 
Virginia, are well known to many of the members of the Insti- 
tute. It is sufficient to say here that the beds of ore, of more 
or less regularity, are interstratified with clays and decomposed 
shales, and are characterized by numerous folds, bends, second- 
ary concretions and drift-material formed from the breaking 
down of the beds. The workings of the old iron-makers dot 
the horizon of these beds for several hundred miles. 

In the examination of one of the old workings, consisting of 
a narrow open cut, which is about a thousand feet long, and 
must have been formerly some twenty feet deep, the natural 
supposition was that the old operators had commenced on the 
outcrop of the bed in place and had worked down as far as 
they could conveniently do so. But the important question 
wms, Had they got through the beds, and was the remainder of 
the ore to be found in the direction of the dip, or was there 
still ore in the bottom of the cut ? Holes put down at inter- 
vals along the bottom revealed no ore, while a line of holes, 50 
feet apart, put down on the side of the cut in the direction of 
the dip, encountered, almost without exception, the beds of 
ore, and gave very positive information as to their average 
thickness, dip and composition. 

From my experience of the past year with these drills I am 
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sure their more extended use would be of immense benefit to 
the milling industry. As one of our members has pointed out, 
a good thing that is not patentable is rarely brought to public 
attention, because it is to no one's interest to advertise it; but 
perhaps modifications might be invented increasing the con- 
venience and eflicieiicy of these already very eifective tools, 
which would justify some one in making a specialty of them 
and bringing them to the attention of prospectors. Even with- 
out the protection of patents, I venture to believe, the manu- 
facturer of an outfit of the character I have described, if prop- 
erly advertised, would meet an existing and increasing demand 
and benefit the manufacturer as well as the user of the tools. 


The Quality of the Boiler-Water Supply of a Portion 
of Northern Illinois. 

BY JAMES A. CARNEY, AURORA, ILL. 

('Chicago Meeting, February, 1897.) 

The quality of water for steam boilers is a serious question in 
Illinois, and has been the occasion of many investigations, un- 
dertaken either for the discovery of sources of a better supply, 
or for the purification of the supplies already at hand. 

LOCATION OF SUPPLIES. 

The sources of supply of which this paper treats lie along the 
right of way of the Chicago, Burlington and Quincy Railroad 
Company, and form a nearly straight line from Chicago, Illi- 
nois, on Lake Michigan, to Burlington, Iowa, on the Missis- 
sippi River. The supplies consist of surface-, ground- and 
deep well-waters ; their locations are given in Eig. 1, which is 
adapted from a map of Illinois published by the Illinois Railroad 
Commissioners. 

The influence of the geological formation on the water-supply 
of Illinois is fully treated in an article in the Seventeenth Annual 
Report of the U. S. Geological Survey by Mr. Frank Leverett, 
entitled, “ The Water-Resources of Illinois." It is not the 
purpose of this paper to introduce a geological discussion ; and 
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mention will be made of those formations only which furnish 
the water-supplies herein treated. 

The surface-waters are derived from the drainage of the 
water-shed and from springs. The surface of that portion of 
the State which furnishes these waters consists of glacial ridges, 
till-plains and loess-covered till; the water partaking of the 
soluble portions of these formations. No separate study has 
been made of the spring-waters ; but they can probably be 
classed with the ground-waters. 

The ground-waters are derived from glacial drift, which 
covers the older rock to a depth of from 10 to 200 feet. The 
drift is of very variable composition : in some portions it con- 
sists of clean gravel ; in other portions, of various mixtures of 
clay of several varieties, gravel, boulders, or sand. It is this 
great variation that makes the composition of the ground-waters 
so uncertain. 

The deep well-waters are all from the St. Peter's sandstone. 
This formation occurs immediately below the Trenton limestone 
and varies in thickness from 10 to 30*0 feet. It consists of fine 
round grains of sand, more or less cemented together. It is 
free from fossils, although ripple-marks have been found in the 
out-crop along the Pock river. There are large out-crops in 
Wisconsin, but in Illinois the formation is generally from 500 
to 1200 feet below the surface. In Ogle and LaSalle counties, 
however, there are out-crops of comparatively small extent. 
Along the main line of the C. B. & Q. R. R., there are no out- 
crops. 

METHODS OF ANALYSIS. 

The ordinary methods of analysis were used in the analyses 
here reported; the acids and bases being determined in separate 
portions, and salts calculated as follows : 

The chlorine was first united with the sodium, and the ex- 
cess, if any, with the magnesium. The sulphuric acid was 
united with the sodium (if any sodium was left after satisfying 
the chlorine) ; then with the calcium ; and finally, if there was 
still an excess of sulphuric acid, it was united with the magne- 
sium. The calcium, magnesium, and occasionally sodium in 
excess, were calculated to carbonates. The oxides consist of 
silica, alumina and iron oxide and are reported as such, no at- 
tempt being made to combine them with acids. 
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Analyses by Ellis for oxides, calcium and magnesium were 
made by standard methods. A sepai*ate portion was washed 
with water to determine the alkalies and the soluble calcium 
and magnesium salts ; the alkalies consisting of sodium chloride 
and sodium sulphate were reported as alkalies, and the soluble 
calcium and magnesium were calculated to sulphates. This 
method works well with surface-waters, but cannot be used with 
ground- and deep well-waters. 

Both schemes of calculation are open to criticism ; but the 
first one has been found to meet our wants fully, and is an ex- 
cellent method for comparing sources of water-supply. 

RESULTS OP ANALYSES. 

The results of analyses are compared in four tables as fol- 
lows : 

Table I. — Surface- Waters, — The surface-waters include flow- 
ing streams, natural or artificial ponds fed by streams or surface- 
drainage, and lakes. 

Table II. — Ground- Waters . — These are all from shallow 
wells. 

Table III. — Deep Well-Waters . — These are all from the St. 
Peter’s sandstone. 

Table IV. — This table gives the average analyses of each class 
of water. 

Table V. — This table contains analyses showing sources of 
contamination of reservoir at Kewanee. 

A comparison of the average results and a close inspection 
of the analyses of the diflferent classes of waters show that the 
surface-waters are quite uniform. The sodium salts are never 
in sufficient quantity to cause trouble from foaming, and the sul- 
phates of the alkaline earths are low, generally less than five 
grains per gallon, while the main bulk of the solids is com- 
posed of carbonates of calcium and magnesium. These form 
a comparatively soft scale, and are the least injurious of the 
scale-forming solids which occur in natural waters. 

The ground-waters vary from fair boiler-waters to those 
which are positively injurious to boilers. The characteristic 
of these waters, as compared with surfaccrwaters, is the com- 
paratively large quantity of alkaline-earth sulphates which they 
contain. They are low in sodium salts, and do not cause trouble 
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from foaming ; but tliey do form a bad scale. A calcium-sulphate 
scale is very compact and hard, and seriously interferes with the 
making of steam. An experiment on the effect of scale showed 
that a calcium-sulphate scale, about of an inch thick, caused 
a loss in evaporating-efficiency of over 7 per cent. Two of the 
waters contain magnesium chloride. This is corrosive, and 
renders a water unfit for boiler-use. The principal feature of 
the ground-waters is their entire lack of uniformily. Analysis 
of several ground-waters throws no light on what the next 
may be. 

The deep well-waters are all from the St. Peter’s sandstone. 
The characteristics of these waters, with the exception of the 
Mendota well, where the sandstone comes within 460 feet of the 
surface, are large quantities of sodium salts, both chlorides and 
sulphates. The incrusting solids vary greatly in quantity as 
well as in composition; some being very high in calcium-sul- 
phate, and others containing no alkaline-earth sulphates what- 
ever. These waters cannot be successfully used for boiler- 
purposes, on account of the foaming-tendency due to the large 
quantity of sodium salts. 


Foamino. 

Foaming is caused by interference with the free escape of 
steam from the water in the boiler, and manifests itself by the 
rising and frequent appearance of boiling of the water in the 
water-glass, and by water in the steam. This does not mean 
wet steam, as ordinarily defined, but steam that contains visible 
drops of water. There are three principal causes of foaming : 
(1) sodium salts; (2) mud or suspended matter; and (3) organic 
matter. 

Mud and organic matter can be removed by filtration, but 
there is no known method of getting rid of sodium salts ; and 
because of this fact mention will be made of the foaming 
caused by sodium salts only. 

The sodium salts in solution increase the surface-tension 
and thereby prevent the free escape of steam from the water. 
Bubbles, formed in rapid succession, constitute a froth which 
fills the steam-space of the boiler and passes over with the 
steam. The height to which the froth will rise depends upon 
the rapidity with which the steam is made. This is very nicely 
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illustrated by blowing air into a weak soap-solution. The more 
rapid the introduction of the air, the larger the quantity of 
bubbles formed, and the higher they rise before they break. 

It has been found by actual experience that locomotive- 
boilers will foam wdth from 75 to 200 grains of alkali per gal- 
lon, depending upon how much mud or suspended matter is in 
the boiler, while stationary boilers have been successfully run 
vuthout foaming with a concentration of sodium salts amount- 
ing to 650 grains and more per gallon. 

The following explanation is offered to show why a stationary 
boiler will run successfully with 650 grains of sodium salts per 
gallon, while a locomotive-boiler will foam on from one-third 
to one-sixth of that quantity of alkali : 

A locomotive-boiler wdth a shell 60 inches in diameter, tubes 
12 feet 4 inches long, and a 9-foot fire-box, has a heating-surface 
of 1689 square feet, and develops 1000 horse-power when doing 
maximum work. The evaporating-surface is 96.5 square feet. 
Therefore, 0.59 horse-power is developed per square foot of 
heating-surface and 10.3 horse-power per square foot of 
evaporating-surface.* On the other hand, a stationary boiler, 
with a shell 66 inches in diameter and 18 feet long, has a heat- 
ing-surface of 736 square feet and develops 100 horse-power. 
The evaporating-surface is 84 square feet. Therefore, 0.13 
horse-power is developed per square foot of heating-surface, and 
1.19 horse-power per square foot of evaporating-surface. 

The ratio between heating-surfaces of stationary- and loco- 
motive-boilers per horse-power is therefore, Stationary: Loco- 
motive = 4.36 : 1. And the ratio between the evaporating-sur- 
faces per horse-power is Stationary: Locomotive = 8.70 : 1. In 
other words, a stationary-boiler has 4.36 times as much heating- 
surface per horse-power for making steam and 8.70 times as 
much surface per horse-power for the escape of the steam 
after it is made, as a locomotive-boiler. Since foaming is de- 
termined by the rate of formation and the escape of bubbles 
of steam, it will readily be seen that a stationary-boiler with 
8.70 times the evaporating-surface, and 4.36 times the heating 
surface, per horse-power will run successfully on a quantity 

* Bv heating-surface is meant the square feet of water exposed to the heat from 
the fire. Bj evaporating-surface is meant the square feet of surface of water not 
coming in contact with any poition of the boiler. 
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of alkali in the water that would render the locomotiTe-hoiler 
■useless. 

The Location of Reservoirs. 

In locating reservoirs for boiler-supply, great care must be 
taken to see that the drainage is surface-water only, and that 
there is no chance of contaminating waters getting into the 
reservoir. 

The reservoir at Eewanee was abandoned on account of the 
contaminating eflect of waters draining into it. This water 
was originally as good as that of our other artificial ponds, but 
water from an artesian well high in sodium salts, and refuse 
from a galvanizing-plant, have so deteriorated the supply that 
it is impossible to use it in a boiler. See Table for compar- 
ative analyses of the water. 

Conclusions. 

Water for boiler-purposes should be taken as much as pos- 
sible from streams, lakes, or artificial ponds. The use of sub- 
soil-water is open to objection, unless an analysis shows the 
water to be sufficiently good for boiler-use. Waters from deep 
wells in the St. Peter’s sandstone will cause foaming unless very 
carefully handled. The large quantity of sodium salts prevents 
the formation of scale, and, with regular washing-out, these 
waters have been used with success in stationary boilers; but 
for locomotive-use they are a failure. 


Brief Note on Rail- Specifications. 

BY ROBERT W. HUNT, CHICAGO, ILL. 

(Chicago Meeting, February, 1897.) 

At the Atlanta Meeting of the Institute, October, 1895, I 
had the honor of presenting a paper on Specifications for Steel 
Rails of Heavy Sections Manufactured West of the Alleghe- 
nies,”* ill which, reasoning from the experience of Western 
railroads with the heavier-sectioned steel rails, I called atten- 


^ Tra7is,f XXV,, 653 . 
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tion to the importance of the chemical composition of the steel, 
and urged the increase of the carbon-percentage, and the limit- 
ing of phosphorus to the lowest point reconcilable with com- 
mercial considerations — and also insisted on the value of added 
silicon. 

My paper has been honored bj" the favorable consideration 
of a number of the engineers and other controlling officers of 
western roads; and, as a result, more than 186,000 gross tons 
of rails of sections heavier than 65 pounds per yard have been 
manufactured since that time in accordance with my views. 
These rails are in the tracks of several large railway-systems. 
In giving the above tonnage I refer only to the rails which 
came under my immediate supervision ; that is, under the in- 
spection of my firm. Over 69,000 tons of these weighed 80 
pounds to the yard. 

In some cases it was not commercially possible to obtain quite 
as low a percentage of phosphorus as was desired, and hence 
the carbon was reduced proportionally; but, as a whole, the 
rails could be classed as high-carbon ones. Of course, it is yet 
too early to form a positive opinion as to the wear of the rails; 
but practically all of them have been in service long enough to 
demonstrate their safety, and I believe that in all cases the 
users of the rails unite in the opinion that, so far, they promise 
much better wear than that previously obtained. I know that, 
in several instances, the showing thus made will lead to the re- 
quirement of still harder steel for this year’s deliveries. 

I present this short note as somewhat in the nature of a re- 
port of progress.” Moreover, in view of recent somewhat sur- 
prising developments in the American rail-trade, it is well not 
to lose sight of the necessity of not permitting low prices to bo 
the only consideration. The first cost of rails is not all the 
story. This proposition does not require discussion. If it is 
necessary to pay a little more for a good rail, true economy 
speaks in no uncertain voice in favor of so doing. Low prices 
are very attractive ; but subsequent economies in track main- 
tenance, repaii's to rolling stock, possibilities of high speed, and 
comfort of passengers must not be ignored. 

The peculiarities of human nature must be remembered. 
They do not change very much. When articles are sold at a 
low price, those in direct charge of the manufacture of them will, 
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most likely, ke expected to keep the cost of production down to 
a corresponding degree. This may lead to temptation to cut 
some corners, "vyhieh would better have remained in full projec- 
tion. At all events, it does not seem wuse to ignore past ex- 
perience in steel-rail metallurgy. 


Notes on the Determination of Insoluble Phosphorus in 

Iron-Ores. 

BY CIIAS. T, MIXER AND HOWARD W. DUBOIS, PHILADELPHIA, PA. 

(Chicago Meeting, February, 1897.) 

Onlt witliin the past few years have chemists recognized 
the importance of the fact, that comparatively large amounts of 
phosphorus may occur in the siliceous residue -left from the 
acid treatment of iron-ores. We know of one case in which 
an ore contained about three times as much phosphorus in the 
insoluble, as in the soluble, form. It was disposed of at a pre- 
mium, as an exceptionally high-grade Bessemer ore containing 
0.010 per cent, of soluble phosphorus, while the insoluble 
phosphorus brought the total amount up to 0.040 per cent. 

The magnetite and specular hematite of the Lake Su- 
perior districts and the fine ores of the Mesahi range, as a 
rule, contain very small amounts of insoluble phosphorus. But 
the mining of the soft hematites and the progressive lowering 
of the phosphorus-limit in a strictly Bessemer ore, have com- 
bined to make the determination of insoluble phosphorus one 
of the routine-requirements in all analyses of Bessemer ores. 

The insoluble phosphorus is understood to he that phosphorus 
which cannot be extracted by boiling hydrochloric acid of 1.1 
specific gravity. The time given for the extraction of the 
soluble phosphorus will vary, of course, according to the nature 
of the ore. In ordinary practice the boiling is continued until 
the residue is white or only very slightly tinged with ferric 
oxide. This ordinarily takes from half an hour to an hour. 
The prolonged boiling of ores known to contain considerable 
quantities of insoluble phosphorus has failed to extract any 
appreciable amount of additional phosphorus. Very fine 
grinding and subsequent sifting through bolting-cloth has not 
increased the extraction. These statements represent the re- 
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suit of experiments carried out to test the opinions of a few 
chemists, who have maintained that such operations would ma- 
terially increase the solubility of the phosphorus, generally 
supposed to be insoluble. The determination of this insoluble 
phosphorus in laboratories required to make a large number of 
analyses of ores daily, has added a considerable burden to the 
ordinary routine work. 

The current practice in the treatment of the residue remain- 
ing from the acid solution of the ore, in order to transform the 
phosphorus into soluble form, is to fuse the siliceous residue with 
sodium carbonate in platinum crucibles, dissolve the fused mass 
in weak hydrochloric acid and evaporate to dryness to de- 
hydrate the silica. The sodium phosphate is then extracted 
with weak hydrochloric acid and treated in the usual way for 
obtaining the precipitate of ammonium phospho-molybdate. 
This operation requires considerable time and manipulation, 
and involves the introduction of sodium salts, which sometimes 
prove unfavorable to the obtaining of a pure j)recipitate of am- 
monium phospho-molybdate. 

The practice of fusing the ore direct with sodium carbonate, 
and thus extracting the total phosphorus, requires larger plati- 
num crucibles, and would not be practicable where so many 
determinations have to be carried on simultaneously, as in the 
case under consideration. 

Hydrofluoric acid has been used to dissolve the insoluble 
residue, but care has to be taken to evaporate the excess of 
acid emj)loyed if the solution is to be subsequently placed in 
glass beakers. 

Since there has been such increased demand for siliceous 
ores to mix with the low-silica ores of the Mesabi range, chem- 
ists have been more than ever annoyed with the determination 
of insoluble phosphorus, as the increased amount of siliceous 
matter in the residue has required for fusion proportionately 
more sodium carbonate, heat, time and patience. 

For this reason we began a series of experiments with the 
purpose of finding a more rapid and convenient method of de- 
termining, either the total phosphorus or the insoluble phos- 
phorus by itself. 

In the first experiment the ore was intimately mixed with 
less than an equal bulk of sodium carbonate, and then sub- 
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jected to a red lieat in a platinum crucible; the idea being to 
convert all the phosphorus into sodium phosphate, without 
using sufficient sodium carbonate to make a liquid fusion. The 
results were encouraging. The calcined mixture of ore and 
sodium carbonate was readily freed from the crucible and 
easily broken up by the pressure of a glass rod in the beaker. 
The mass was then boiled, in some eases, with water alone, 
and, in other cases, wdth wmak acids, and the total phosphorus 
was quickly extracted from many ores containing considerable 
amounts of insoluble phosphorus. The main objection to this 
method was encountered, however, when the siliceous ores 
were treated by it. In such cases, owing to the large amount 
of siliceous residue, no matter how little sodium carbonate 
wms used, it was difficult to prevent a partial fusion, forming 
silicate of sodium, and thus making it hard to remove the cal- 
cined mass from the crucible. 

Calcined magnesia was next tried as a base to combine with 
the insoluble phosphorus, and excellent results w^ere obtained; 
no trouble being experienced with the fusion of the large 
siliceous residues. It was, however, somewhat surprising that 
the magnesia acted so readily in extracting the phosphorus. 

. In the experiments next made, the ore was calcined without 
the admixture of any base, and after this operation was treated 
ill the usual way, with hydrochloric acid, when it was found 
that the total phosphorus had been extracted. This treatment 
wms successful with most of the ores tried, but had the disad- 
vantage of rendering the ferric oxide less readily soluble, and 
thus increasing the time required for the subsequent solution. 

Applying this idea of simple ignition to the insoluble resi- 
dues only, it was found that all the insoluble phosphorus could 
be thus converted into the soluble form, and a very simple 
practical method was thus established. 

Very recently our attention has been called to the fact that 
Mr. Lychenlieini^ and Mr. Norrisf had come to the same con- 
clusion ill the determination of phosphorus in coal and coke — 
namely, that fusion can be dispensed with, and simple ignition 
substituted. Mr. Lychenheirn has also informed the authors 
that he has found it to be perfectly satisfactory in the case 
of ores. 


^ Trans,, xxiv., 6G. 


f Ihid,, xxiv , 862. 
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Tlie details of our practice are as follows : About 1 J grammes 
of ore is dissolved in a No. 3 beaker with 25 c.c. of hydro- 
chloric acid, 1.1 specific gravity. When the ore is dissolved, 
the excess of acid is evaporated until the solution begins to 
assume a syrupy consistency. It* is then diluted with water 
and filtered into an Erlenmeyer flask, and the filter-paper and 
residue are placed in a platinum-crucible and ignited. When 
the paper is burned ofi* the residue is broken up with a plati- 
num-rod and ignited at a red heat for a couple of minutes, 
when it is removed and placed in a beaker for solution. Water 
is added, together with a few drops of hydrochloric or nitric 
acid, and the solution is brought to a gentle boil tor about five 
minutes. It is then filtered into the flask containing the 
soluble phosphorus (or into another flask, in case it is to be de- 
termined separately*), neutralized with ammonia and precipi- 
tated as ammonium phospho-molybdate. The latter precipitate 
is titrated according to Handy’s modification of the sodium 
hydroxide method. 

This method having been found by many tests to give per- 
fectly reliable results, has been in use in our laboratory for 
more than a year. The table on the following page exhibits 
a few of the many analyses made by us to satisfy ourselves as 
to the accuracy of the method. 

In order to obtain some general idea of the nature of the 
base, which was combined with the phosphorus in the insoluble 
form, we made the following partial analysis of the insoluble 
residue from the hydrochloric acid treatment. 

After drying the residue at 100"^ C., it was subjected to ig- 
nition in a platinum crucible for five minutes : 


Per cent. 

Loss on ignition, 5.05 

Loss due to extraction hy acid (a), 10.25 


The residue from the above treatment contained, in percent- 
ages of the original residue : 

Per cent. 

SiO-2, 74.25 

AWi, 2.70 

CaO, 1.37 

* It has been found that it is better to determine separately the soluble and in- 
soluble phosphorus. Otherwise a too dilute solution is liable to be obtained for 
the precipitation. 
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Table of Phosphorus-Determinations. 

Method A. — Solution of ore and fusion of residue with sodium carbonate (old 
standard method). 

Method B. — Solution of ore and ignition of residue -without flux (proposed 
method). 

Method C. — Ignition of ore without flux, and subsequent solution, determining 
total phosphorus. 


Name oi Ore 

Soluble 

Phosphorus. 

Insoluble 

Phosphorus. 

Total 

Phosphorus 

Method. 



Per cent. 

Per cent. 

Per cent. 


1 . Winthrop 


0.051 

0.008 

0.059 

A. 

« 


0.051 

0 . 0 U 8 

0.059 

B. 

2 . « 

ca 0 

0.039 

0.008 

0.047 

A. 

« 

CO g 

0.039 

0.008 

0.047 

B. 

3 . « ^ 

( 2 ^" S 

0.054 

0.014 

0.068 

A. 

« 


0.052 

0.015 

0.067 

B. 





0.067 

C. 

4 . • 


0.051 

0.008 

0.059 

A. 

it 

c3 



0.058 

C. 

5 . Cambria 


6.052 

0.004 

0.056 

A. 



... « 

0.053 

0.003 

0.056 

B. 

6 . Lillie 


0.065 

0.006 

0.071 

A. 

“ ... 


0.065 

1 0.007 

0.072 

B. 

7 . Lake Superior 


0.021 

1 0.006 

0.027 

A. 

a 


0.020 

1 0.006 

0.026 

B. 

8 . « 


0.112 

0.022 

0.134 

A. 





0.135 

C. 

9. Salisbury 
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A. 

« 


0.058 

0.010 
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B. 

10 . « 
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A. 

it 
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B. 

11 . « 
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A. 

if 


0.046 
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B. 

Cleveland Hematite 


0.022 

0.015 

0.037 

A. 

U it 


0.022 

0.016 

0.038 

B. 

it « 


0.021 

0.016 

0.037 

1 B. 

U €i 




0.038 

' C. 


The solution (marked a) from the ignited residue contained, 
in percentages of the original residue : 

Per cent. 


AI 2 O 3 9-55 

CaO 0.92 

P 3 O 5 4.10 


From the latter analysis it would appear that the greater 
part, if not all, of the phosphorus was combined with the 
alumina. 

The conversion of the insoluble phosphorus into the soluble 
form by simple ignition is a matter of some theoretical in- 
terest. The formation of a more soluble phosphate under 
such conditions certainly does not appear probable. Possibly 
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the method proposed by Berzelius* for the decomposition of 
phosphates, by means of silica and sodium carbonate may in- 
volve a reaction somewhat similar to that which we have here 
under consideration. 
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Introductory 17ote. 

Hating spent a portion of nearly every summer, since 1887, in 
systematic geological work in the Adirondaeks, iiiTohung special 
study of the iron-ore-bodies in and near Miiieville, TT., tlie 
writer prepared, in 1893, for tbe Director of the K Y. State 
Museum, a report on the geology of Moriah and Westport town- 
ships, accompanied by sections of the mines, which (complete 
data not being then available) had been prepared after corres- 
pondence, in 1892 and 1893, with Mr. S. B. McKee, the engineer 
of the two companies operating the mines, and with Mr. E. B. 
Durham, his assistant at that time. During this work it became 
evident that more numerous sections would be of great interest, 
and would throw much light on the geology of the ore-bodies ; 
and in 1894 Mr. McKee collected the necessary data, and the 
writer spent September of that year in assisting him and study- 
ing, in greater detail than before, the geological relations already 
recognized in their main features. This work the writer has 
reviewed and verified during the summer of 1896, while in the 
field for the IJ. S. Geological Survey ; and, with the approval 
of the director, the notes of this final study have been utilized 
in the present paper. It is but fair to say, however, that they 
only serve to confirm the conclusions reached by the previous 
investigations. 

If we except the great hills of iron-ore at Cornwall, Pa., and 
perhaps the deposits of titaniferous iron-ore at Lake Sanford, 
H. T., the Mineville ore-bodies are the largest single group 
hitherto developed east of Lake Superior. Occurring, as they 
do, on the contact between gabbro and gneiss, their geological 
relations differ from those of other magnetites further south, 
so far as the latter have been described ; and they may, there- 
fore, serve to shed some additional and special light upon the 
very obscure question of the geological history of this type of 
ore-body. 

The writer takes this opportunity to acknowledge his in- 
debtedness to the officers of Witherbee, Sherman & Co. and 
the Port Henry Iron Ore Co., and especially to Mr. S. B. 
McKee, the engineer of both companies, for abundant courtesy 
and assistance in the work. 
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General Topography, 

The accompanying topograpliical map (Plate L) is based on 
the Port Henry and Elizabethtown sheets of the U. S. Geologi- 


Plate I 



Map indicating the Topography and the Iron-Mines near Port Henry, N. Y. 

cal Survey. Only tlie 100 feet contours are reproduced. Prom 
Port Henry, on Lake Champlain, a marked valley gradually 
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ascends northwest until, at Mineville, it is 1100 or 1200 feet 
above the level of the lake, the latter being about 100 feet 
above tide/'^ South of Port Henry a high ridge, not shown 
on the map, intervenes between it and Crown Point, which 
occupies the next valley running back from the lake. Ab- 
rupt ridges, with narrow passes, bound Moriah township on 
the west, and on the north high ridges intervene between Mine- 
ville and the valley of the Boquet river in Elizabethtown. Just 
north of Port Henry, and not far from the lake-shore, a great 
ridge begins which, gradually increasing in height and width, 
culminates in Bald Knob, over 2000 feet above tide. Still 
further north, along the Elizabethtowm-Westport line, the coun- 
try is extremely rugged, presenting high knobs and deep nar- 
row valleys, both almost uninhabited. 

These general topographical features are well brought out by 
the contours in Plate I, ; but it may be added that in the Mo- 
riah valley itself minor hills arise, of which Barton hill, north- 
west of Mineville, is of special interest in connection with 
the ore-deposits. 

General Distribution of the Mines. 

The numbers and the legend on Plate I. indicate the distri- 
bution of the ore-bodies thus far discovered. The Lee and the 
Cheever lie on the east of the Bald Knob ridge, but both dip 
to the west, as do all the ore-bodies of the region. Emmons 
records also a Crag Harbor vein, just north of Crag Harbor, 
but this has not received much attention. It is said to be very 
near the lake-shore, and, if one may base an inference on the 
early experience had wuth its ores in the furnace, it must be 
titaniferous — a composition indicated, moreover, by the char- 
acter of the neighboring rocks. On the west side of the Bald 
Knob ridge, and nearly due west of the Cheever mine, are two 
ore-beds, the Pilfershire and the Pease. Two or three miles 
across the valley to the northwest lie the Mineville and Barton 
Hill groups, which are much the largest of the region. Just 
across the township-line, in Elizabethtown, are the Eisher Hill 
and Burt Lot mines. Just east of Fisher hill is the O’Keill 
shaft, now abandoned, but formerly an important producer, 

*It is given as 101 feet in the recent topographical maps of the U. S. Geologi- 
cal Survey. 
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■while northeast of the O’Neill is the Cook shaft, located on the 
eastern side of a considerable intervening hill, but haHng the 
same character and history. On the northeast shoulder’ of the 
same hill is the Humbug mine, the shaft of ■which pierced a 
titaniferous ore-body. It is indicated on the map by crossed 
hammers only. Across a little valley still further north is a 
small abandoned mine called the Sherman, only shown by 
crossed hammers. 

North-n’est, the surface drops rapidly from 1600 to 1100 feet 
above tide (at Lincoln pond), and then rises again to 1600 feet, 
in the ridge containing the Gates and neighboring mines, now 
abandoned. Beyond these it descends about a mile to the val- 
ley of the Boquet river, and, in the edge of that valley, on the 
slopes of the hills that rise rapidly to form the noble peak of 
Giant mountain and its outliers, there is a series of ore-bodies 
that have never been much worked. About 5 miles a little to 
the east of north from Mineville, and high up on the slopes of 
Campbell mountain, 1900 feet above tide, are the abandoned 
Nichols Pond mines. The mine is where the western 12 is 
located on the map. The eastern 12 is the mill. 

All of the ore-bodies above cited, except the Crag Harbor 
and the Humbug, are non-titaniferous, and, in some instances, 
of Bessemer grade. In addition to these, however, there are 
others of characteristic geological relations, which differ from 
the preceding. Of this type are the following : the Kent mine, 
just north of Lincoln pond; the Little Pond mines, just north- 
east of Little pond; and the Odell and Tunnel mountain open- 
ings, all in the town of Elizabethtown. They have essentially 
the same geological relations as the Split Rook mines on the 
shores of Lake Champlain. They form bodies, often of great 
size, and of shape not yet determined, in the midst of massive 
green or black gabbros, with which they form essentially a 
geological unit. The ore is clearly a phase of the gabbro 
magma, that is almost entirely titaniferous magnetite. Dark 
green plagioclase crystals are enveloped in the ore, and wore 
clearly involved in it when it crystallized. The ores are, there- 
fore, excessively basic segregations in a fused and cooling 
magma. The titaniferous ore-bodies are reserved for a future 
paper. 
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General Geology. 

The area covered by the map, Plate L, is made up in largest 
part of a series of gneisses, with which are associated white crys- 
talline limestones, ophiealcites, hornblende-schists, and, to a 
minor degree, other schists. These are f)^R^trated by great 
intrusions of dark, massive gabbro, which itself has assumed 
in places strong gneissoid structure. In the southwestern por- 
tion of Moriah, in the western and northern parts of Elizabeth- 
town and in Westport, occur the iSTorian rocks, consisting almost 
entirely of labradorite feldspar, and so characteristic of the 
Adirondacks. They are best called anorthosites, as is customary 
in Canada; the word meaning a rock composed of triclinic (i*. e. 
lime-soda) feldsjoar, from the collective French name, anortliose^ 
for this feldspar. They are most intimately associated with the 
true gabbros ; and both are regarded as belonging to the same 
general series of intrusions, although various exposures in 
Elizabethtown prove that the gabbros are later than the anor- 
thosites. The anorthosites often become fairly rich in pyrox- 
enie minerals, and approximate the gabbros proper ; but they 
are never as dark and basic as the typical eases of the latter, 
and, as a rule, there is no great diflS.culty in distinguishing them 
in the field. The geological relations of these two rocks to each 
other, and of both to the acidic gneisses and crystalline lime- 
stones, have been rendered very obscure by the extensive 
dynamic metamorphism to which all have been subjected. 
This seems to have been in the nature of irresistible pressure, 
accompanied, as a rule, with shearing stresses, so that the min- 
erals have been crushed and drawn out into augen-gneiss, or 
even into ordinary gneisses. Eocks of highly obscure history are 
thus presented; and what were probably originally gabbros 
and pyroxenic anorthosites have passed into hornblende gneisses 
of varying basicity. It is possible that hornblendic gneisses 
are present, which have not been developed in this way ; but, 
for many exposures, the process can be demonstrated by finding 
passages into thoroughly massive outcrops of typical gabbro, or 
by the presence in the gneisses of large nuclei or Augen of blue 
labradorite. These questions of metamorphisni and areal 
geology cannot he discussed in full here, as they have but a 
minor bearing on the relations of the ore-deposits, and are too 
complex for treatment in a subordinate way. The citations 
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below will give access to wort already done; and the field- 
work of the writer, now in progress, in the preparation of an 
atlas-sheet for the United States Q-eological Survey, will in time 
set them forth in detail.* 

The strike of the gneisses, Avhen it can be detected, is quite 
variable, ranging from northeast to northwest. It is seldom 
east and west, but approximates a northerly trend. The gabbro 
intrusions are, however, so numerous, and cover such a vride 
area, that any original strike in the older gneisses is pretty 
efiectually destroyed, and, except as indicated by the general 
trend of the crystalline limestones, is an uncertain quantity. 
Its geological significance is involved in the question, to what 
extent the older acidic gneisses are to he considered metamor- 
phosed sediments ; but, in the present state of our knowledge, 
no well-informed person would wish to commit himself on this 
point. The crystalline limestones have much graphite, and are 
occasionally associated with minor schists and apparently with 
quartzites, which give good ground for regarding them as sedi- 
mentary in origin. The acidic gneisses, so far as can yet be 
declared, may have been granites or quartz-diorites. 

The stratigraphic succession is quite certainly as follows : The 
quartzose gneisses and crystalline limestones, with perhaps some 
more basic gneisses, are the oldest rocks. The limestones lie 
above some gneisses, and appear to favor the upper part of the 
series, but excellent exposures occur where they are certainly 
below^ other members. The anorthosite intrusions followed in 
time, and furnished the materials of the highest peaks in the 
Adirondacks, as well as for various outlying areas and intruded 
sheets in the gneisses just referred to. Gabbro outbreaks fol- 


J F. Kemp, The Greology of Moriah and Westport Townships, Essex Co., 
N. Y.,” Bulletin New York State Museum^ 1895, iii , 325. “ Preliminary Eeport on 

the Geology of Essex Co., K. Y.,^* Report of N. Y, State Geologist for 1893, pp. 4-14 
and following. ‘‘ Gabbros on the Western Shore of Lake Champlain,” Bulletin of 
the Geological Society of America, v., 213-221, 1894. “Crystalline Limestones, 
Ophicalcites, and Associated Schists of the Eastern Adirondacks,” Mem, vi., 241- 
2b2, 1895. “Illustrations of the Dynamic Metamorphism of Anorthosites and 
Kelated Eock in the Adirondacks” (abstract), Idmn, vii., 488, 1895. 

For the Western Adirondacks see: C. H Smyth, Jr., “Geological Eeconnais- 
sance in the Vicinity of Gouverneur, K. Y.,” Trans. N. Y. Acad. Sciences, xii,, 
97, 1893. “Petrography of the Gneisses of the Town of Gouverneur, K. Y.,” 
Idem, xii, 2U3, lo93. “Crystalline Limestones and Associated Eocks of the 
Northwest Adirondack Eegion,” Bulletin Geol, Soc. America, vi., 263, 1895. 
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lo^^ed, which, cut the anorthosites as dikes, and formed exten- 
sive intruded knobs, bosses, and sheets in the gneisses and lime- 
stones. Dynamic metamorphism followed, imparting a foliated 
structure to all these rocks; and after this they experienced 
protracted erosion before the Cambrian times opened. The 
main features of their present topography were probably out- 
lined ill this period of erosion; and presumably they were 
heavily faulted. In the latest Cambrian time, represented by 
the Potsdam sandstone, the ocean encroached on the Adiron- 
dack areas so as to deposit in the valleys much Potsdam sand- 
stone ; and later the Calciferous, Chazy, and Trenton limestones, 
and other minor forms of sediments, and finally the TJtica 
shales, were laid down.* 'No more recent sediments, other than 
the Glacial and post-Glacial gravels, sands, and clays have been 
found. It should be added that the early Cambrian strata of 
the Georgian series are limited to Vermont, and, so far as is 
now known, do not cross Lake Champlain at any point in the 
Adirondack region. 

As a minor feature in the geology of the region, it should be 
mentioned also that trap dikes, usually of small width, are very 
common. Some of them, as shown by exposures along the 
lake-shore, are later than the TJtica shales, which they cut; but 
how much later it is impossible to state. They are associated 
with trachytes or porphyries, which in some instances cut the 
traps, and are therefore subsequent to them. Some of these 
trap-dikes may be present in the interior also ; but Prof. H. P. 
Cushing has shown that there is little doubt of the existence of 
a series there of pre-Potsdam date, but followung the general 
metamorphism, t The writer has found also, in the interior 
region, boulders showing one dike cutting another, and the later 
one evidently chilled by the earlier, which must have been cold 
when the later intrusion occurred. Almost all the mines of 
any considerable size exhibit these dikes. 

Moraines and modified drift are widespread throughout the 
district, and often mask the outcrops. Lake-bottoms are evi- 


* See a paper by the writer on ‘‘ Physiography of the Eastern Adirondacks in 
the Cambrian and Ordovician Periods,’^ in Bulletin of the Geological Society of 
America^ vol. viii., p. 408. 

t H. P. Cnshing, “ On the Existence of Pre-Cambrian and Post-Ordovician 
Trap-Dikes in the Adirondacks/' Trms. N. Y. Acad. Sci,^ xv., 248, 1896. 
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dent in. most of the enclosed Talleys, that of Elizabethtown 
itself being a fine example. Deltas at several difterent levels 
appear where each stream comes in. 

The IsTon-Titanieerous Orb-Bodies. 

The Lee Mine . — This is situated a short distance west of 
Port Henry, in gneiss immediately west of a belt of ophiealcite 
and limestone, and bounded, further west, by a belt of the 
same rocks. There is excellent ground for thinking that a 
fault runs north and south just east of the mine, so that the 
limestones may be a repetition of the same series. If so, the 
relations of the ore suggest those of the Oheever mine, to 
which attention will next be given, although no exposures of 
gahbro were visible under the Lee ore-body. Outcrops, how- 
ever, are few. The strike is W. of H., and the dip of the skip- 
way is 19° W. Mr. Putnam, in the Tenth Census, vol. xv., p. 
115, gives a plan and sections of this mine. He traced the 
outcrop around to the south, at the time of his visit, and 
showed that the strike changes to northeast, and that the dip 
grows steeper. The mine was then idle, and has been so ever 
since. It is now entirely dismantled and is full of water. A 
breast of over 9 feet of a pyritous magnetite is reported by 
Putnam, who says, besides, that the ore is cut off on the north 
by a trap-dike, and presumably by a fault also. The hanging- 
wall is shown by thin section to be a granitic gneiss, the dark 
silicate being biotite. 

The mine had a short life, the sulphur in the ore proving a 
drawback. A large pile of the ore, however, that had remained 
on the dump for some years, so that the sulphur had been 
principally weathered out of it, was found salable and was 
shipped away for furnace mixtures. Mr. Putnam took two 
samples, one from a lot of 2500 tons from the north opeming, 
and another from a lot of 1500 tons from the south opening, 
which gave respectively : 


I. II. 

Fe, 45.01 44. ,08 

P, 0.017 0.01 


The sulphur was not determined. The analyses show tliat 
the ores are low in iron for this district, but the phosphorus is 
also low. 
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The Cheever Mine , — This mine is situated about two miles 
north of Port Henry, and is one of the most interesting of the 
district. Its geological section, as regards the presence of gab- 
bro or gabbro-gneiss in or near the foot-wall, is strongly sugges- 
tive of the Mineville relations. A little brook has worn out 
a gulch from the highway at a point south of the ore-body, for 
about half a mile to the lake. This flows over crystalline lime- 
stone and hornblende-schists, so far as the outerojjs indicate. 
At the lake-shore a fine ledge of limestone is seen back of the 
old docks, where the brook comes in. It continues northward 
along the shore, across a jutting point, and gives way to a 
greatly brecciated quartzose gneiss beyond a small cove. This 
again, further north, is replaced by a great intrusion of gabbro 
more or less gneissoid, that underlies the ore, although not 
forming its immediate foot-wall. Passing westward over the 
gabbro, up a steep hillside and over a ridge, about 300 feet 
above the lake, one descends a little and meets the -outcrop of 
the ore. The gabbro becomes somewhat foliated near the ore, 
and at about 50 feet from it gives place to gneiss. Over the ore 
is about 150 feet of gray quartzose gneiss, sometimes with py- 
roxene, again with hornblende. This is followed by black hoim- 
blendic schists, white crystalline, graphitic limestone and ophi- 
caleite. The ore at first dips steeply to the west, but soon flattens, 
and after being heaved by a number of small normal faults, sev- 
eral of wdiicli contain trap-dikes, it is cut off by a fault at the 
west end. The outlines of the ore-body in Fig. 1 are from Mr. 
Putnam’s paper, as the mine was working at the time of his 
visit, so that sections could be plotted. It has been idle and 
full of water during all of the writer’s wsits. Into this outline 
the writer has introduced the geology. 

The composition of the Cheever ore is much like that of the 
Mineville group, as may be seen from subsequent comparisons. 
The following analyses were made by the chemists of the Tenth 
Census from samples taken by B. T. Putnam, underground in 
the first four, and from stock-piles in the last two. {Tenth 
Census, vol. xv., p. 114.) 

Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 

Fe, . 65.33 63.5 63.86 64.42 64.77 63.08 

P, . 0.643 0.603 0.689 0.452 0.673 0.573 

TiOj, Present. Absent. Present. Present. Present. Present. 
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The analyses show the ore to be of high grade and of very 
uniform quality. 

The Pilfershire and Pease Pits , — These were based upon two 
lenses of ore on the west side of the Bald Peak ridge and just 
in the edge of the valley of Moriah. For many years neither 
of them has been worked; they have been entirely dismantled 
and were full of water during the writer’s visits. They strike 
to the northwest (hT. 20 W. by comjiass), and dip about 50° to 
the west. To judge from the open pit, there must have been 
a breast of 10 feet, more or less, of ore. The wall-rock, now 
accessible, is a pyroxene-plagioclase gneiss. The pits are half 
a mile or less apart, and appear to be on the same line of strike 
and at the same horizon in the foliation of the gneiss. 


Fig. I. 



The Mineville and Barton Hill Groups. 

The central valley of Moriah township rises in a gradual 
incline from Lake Champlain, at Port Henry, northwest to 
Mineville, which at the large mines is situated at an altitude of 
1300 feet above tide. The valley at this point is then l)roken 
by Barton and Belfry hills, around which it forks, and soon 
reaches the divides that bound the area of southern drainage. 
All the mines are, however, south of the divide, except the 
outlying ones at the Burt lot. 

The geological structure of the valley is much obscured by 
the mantle of sand and drift that covers all the lower ground. 
Even around the mines of the lower series this is true, and 
except at the actual pits there is but slight opportunity to note 
the character of the wall-rock. As one ascends toward Barton 
hill, however, exposures become much more abundant, and it 
is possible to map the rocks in detail and to work out some 
very interesting relations. Such indications as are available 
go to show that the foot and hanging in the large w^orkings 
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correspond in general character to those of the Barton hill 
series, although apparently not stratigraphic equivalents. 

The ore-bodies form two groups contrasted in size and in 
the character of the ore. The lower one (both to 2 jographically 
and stratigraphic ally) is the larger j)roducer, although it extends 
over a much more limited outeroj). Its ore-bodies are extraor- 
dinarily thick and have furnished vast amounts of iron. It 
will hereafter be sjDoken of as the Mineville grouj^. The 
higher group is on Barton hill, and extends in an almost un- 
broken outcrop for about one mile, or, if (as is justifiable) the 
Fisher hill and Burt lot mines be considered in the same series, 
for over a mile and a half. The geological relations and struc- 
ture of the upper group are much more intelligible than those 
of the Mineville group. The outcroj>s of the latter are situated 
between the 1280 and the 1340 contours, while the Barton hill 
outcrop runs uphill from 1300 to 1760, as is seen on the 
accompanying map (Plate X., facing page 202). 

The Mineville Group , — The Mineville group embraces several 
huge ore-bodies, known as the Miller jpit, the Welch shaft, Old 
Bed and Mine 21, with its extensions, the Tefift shaft, the Bo- 
nanza and the Joker. The map, Plate IL, indicates their loca- 
tions and areal relations. The property line that passes 
between the Tefit shaft and Mine 21 is a true north and 
south line. Mine 21 outcrops at the most southern and 
lowest point, and has its axial strike in a direction a little 
east of north. It dips to the southeast and pitches to the 
southwest, but it has a very complex shape, as is shown by its 
forking and sj)litting. A short distance to the north is the Old 
Bed, earlier known as the Sanford or “ 23,” the numbers in all 
cases being the original numbers of the lots. Old Bed, with 
its apparent extension, the Welch shaft bed, likewise has an 
axial strike east of north, and a pitch to the southwest, but its 
dip, considered at right angles to the strike, is rather flat, and 
at its northern end is northwest. The Miller pit lies still 
further to the northwest, and has the usual northeast axial 
strike, with a southwest pitch and a marked dip to the north- 
west. It therefore is evident that, collectively speaking, the 
ore-bodies are a series of huge pods with their long axes in a 
jparallel northeast direction, with a general pitch to the south- 
west, but with dips that on the southeast of the center line of 
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sections are soiitlieast, and on the nortlieast of it, northwest. 
Parallelism to this axial alignment and pitch will be shown for 
the Barton hill group, hut the clip is in all eases northwest. 
There is some faulting evident in the 21 group, and great 
complexity of form, as will now be followed out with the cross- 
section. The map, Plate IL, will serve to show the locations 
of the several mines, as well as of the sections. 

The Miller Pit — The Miller pit is first encountered in Section 
6, Plate IIL In this section it is about 15 feet thick and clips at 
a low angle to the northwest. It pinches out at about 150 feet 
down. In Section 7 it has become much thicker, being over 
50 feet, and has also extended to a greater distance down the 
dip. It is cut off by a fault on the southeast, which fault is 
seen in the next six sections. A lower lying portion has also 
come in about 75 feet below, which pinches out before Section 
6 is reached. Both these join before Section 8 crosses them, 
and together form a magnificent cross-section nearly 150 feet 
thick. A trap-dike here forms the southeastern wall, beyond 
which, so far as excavations have indicated, only the high 
phosphorus ore, Avhich, from its abundant red apatite, is called 
^‘red ore/’ is met. This forms a long, narrow chute that ex- 
tends through eight sections. The dike apparently fills a fault- 
crack, for it is improbable that the ore would come to so abrupt 
a termination. In Section 9 the main ore again develops a 
sj)lit caused by the entrance of a horizontal horse. A long, 
narrow oifshoot runs in under the horse for about 100 feet. 
Both parts of the ore show the dike at the end of the soutli- 
eastern workings. The red ore in two chutes appears beyond 
the dike in the upper workings. In Section 10 the horse that 
entered in Section 9 has extended entirely across the pod, and 
has split the ore into two parts. The old upper portion that 
has up to this time been the main part of the mine has now 
dwindled, and before Section 11 is reached it pinches entirely 
out The lower portion now assumes the principal rOle, and 
as a broad but thin pod, of the ^^Lima-bean” type, it extends 
through the next eight sections, until beyond Ho. 18 it pinches 
entirely out. In Ho. 16 it has split into right and left portions, 
with one a little below the other. 

The Miller ore-body is the simplest of the Mineville gronp. 
It forks as they all do, but it lies nearly flat in its lower work- 
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Plate IV 



Sections 9 to 11, inclusive, of the Mineville Group. See Plate TI. 
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Plate V 



Sections 12 to 14, inclusive, of the Mineville Group, See Plate IL 







Sections 15 and 16 of the Mineville Group. See Plate II. 
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Plate \TI 



Sections 17 and 18 of the MinevUle Group. See Plate 11. 




Sections 19 and 20 of the Mineville Group. See Plate IL 
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Plate IX 



Sections 22 and 23 of tlie Mineville Group. See Plate TI. 
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ings, for, as shown, in Section. *7, the foot-wall of the bottom 
portion is at an altitude of 1000 feet; in ITo. 14 it is still above 
900, and in No. 18, at its termination, it is 800. In its north- 
ern portion the dips are more pronounced. Its total length is 
over 1200 feet, its greatest thickness about 140 feet, and its 
greatest breadth about 300 ft. Its frequent double character 
and greater thickness seem to be better explained by the fork- 
ing and swelling of a pod-like body than by folds and buck- 
lings. When the sections were drawn the lower portions, from 
about Section 11 downward, were full of water, and the mine had 
long been worked out. The lower ones have, therefore, been 
compiled from the mine maps. The upper portions are quite 
easily accessible, and are in many ways the most impressive of 
all the local mines. The huge, dimly-lighted stopes, 100 feet 
and more high, impress the observer as wmuld some vast cave. 

B. T. Putnam, who visited the iron mines of New York for 
the Tenth Census, and to whose singularly careful work we owe 
a great debt, as regards the entire State, figures a cross-section 
of the Miller pit which he interprets as an S-fold or buckling. 
The same view is taken by Pumpelly, from Putnam’s observti^ 
tions. (See Tenth Census, xv., p. 108, PI. xxvii, Section E. Also 
p. 7.) The full suite of sections lead the writer, however, to 
the above conclusions. Putnam also gives several sections of 
the neighboring pits in varying directions. 

Old Bed or Mine 23 . — Old Bed begins on the north, at the 
Briusmade shaft, as a rather thin, but somewhat steeply-dipping 
bed, whose inclination becomes steeper in depth. Ore still 
remains in the lower workings, but at this end the mines have 
not been in operation for years, not at all during the writer’s 
visits, which began, in 1888. Passing to the south along the 
strike, the Welch shaft is met that gives name to the ore-hody 
in this portion. It is quite certainly a part of Old Bed proper, 
altliough its connection is best manifested further down. In 
the northern portion, the workings are among the oldest of the 
group and have in large part fallen shut. Sections 1, 2 and 3 are 
not based on as good data as are the others. In Section 6 Old 
Bed proper outcrops and has been mined in a great open cut. 
Ore still shows in the north face in several rather narrow streaks 
in the midst of hornblendic gneiss, and considerable ore is still 
remaining in the south face of the open cut, hut concealed by 
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debris. The Welch ore-body, as outlined by the workings, 
passes under this part of Old Bed proper, flattens greatly in 
dip, and begins to exhibit the irregularities of shape that later 
develop in a very marked degree. Its connection with Old Bed 
is indicated in Section 9. As shown by the conventional signs 
in Sections 8 and 7, the workings have not reached the con- 
necting portion. Old Bed proper soon develoj^s as a great, 
thick pod that lies quite flat, but that gradually pitches to the 
south, very much like the Miller pod. It is cut off* on the 
northwest by a well-developed fault that shows as a crushed 
and decomposed mass of the hanging-wall gneiss. Some buck- 
lings or forkings of the ore into the roof are to be noted in the 
mine, although not apparent in the section. In Section 8, the 
W elch pod has turned sharply down to a vertical dip, and in 
Section 9 it holds the same, but has been shown to be connected 
with Old Bed proper. Thence, with increasing irregularity of 
shape, the two develop, first, the anvil-outline of KTo. 10; then 
pinch and fork into two parts as in ISTo. 11 ; break apart in 17o. 
12, and in the lowest workings are only known as rather small 
pods, not much opened up yet by the stopes. Old Bed, includ- 
ing the Welch pod, is therefore known for about 1200 feet on 
the long axis. It developed in the stopes, shown in Ko. 8, 
nearly 100 feet across, and where the dip becomes vertical in 
Section 9, or where the double fold occurs in Section 10, it had 
a vertical height exceeding this. The cross-sections give good 
ground for the inference that in Sections 8, 9, 10 and 11 a sig- 
moid fold has developed which has pinched out the beds into 
the curious shapes shown in the diagram. If we consider it as 
a folded and compressed single bed, it is necessaiy to regard 
the Welch bed as a prong on the Old Bed that ran off" to the 
northeast. The peculiar warping or twist that has, however, 
given the Welch a westerly dip in the general direction of the 
Miller, while the more southern parts in the Old Bed incline 
southeast, following ^^21,^4s very striking. In Sections 10 and 
11 there is evidence of a fault cutting off* the ore on the north- 
east side, but its prolongation in ISTos. 9 and 8 is not clear and 
was not noted unclerground. These portions of the mine had 
long been abandoned when the sections were made, and the 
dangers of an old roof made them uninviting for exploration. 
In Section 16, Drill Hole 170, it will be noted, has cut a double 
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bed of ore, about 160 feet below the bottom of the Old Bed- 
Bonanza pod. The upper bed is 18 feet and the lower 24. The 
same have been also shown, by a series of other holes, extend- 
ing as far as the sections have been drawn (compare bTo. 23, 
Hole 175). It is possible, as Mr. McKee has suggested, that 
these may represent a continuation of the unmined portion of 
Old Bed, as shown in Section 8, despite the fold or forking to 
join the "Welch extension, as shown in Section 9. One other 
intermediate pod, 9 feet 6 inches thick, has been cut not far 
from the line of Section 18, and lying a little less than 300 feet 
beneath the floor of the Bonanza. It is also quite probable 
that these beds of ore may be separate and distinct bodies lying 
lower in the series than the large ones. 

delations of Old Bed to Miller Pit — There is strong evidence 
that the Miller is the original prolongation of Old Bed, now 
separated by the fault shown in Sections 6 to 12. The long, and 
sometimes double, chute of red-ore (phosphatic magnetite) that 
lies between the fault and the dike is, however, higher in phos- 
phorus than is the usual run of the pods on either side of it, 
but the same ore is well recognized in “ 21.” The apparent 
sudden termination of the Miller, in Section 8, against the trap 
dike may be due to incomplete development of the workings. 
Old Bed itself is thickest opposite this point. Admitting this 
faulted relation, a comparison of Sections 8 and 10 with 9, 
shows a variable amount of displacement, it being greatest in 
9 in the middle and less in 8 and 10 at the extremes. 

The “ ” -Bonanza- Joker Ore-hody . — This is much the largest 
of the group and is now the only one mined. It has reserves 
for many years to come. It is first seen in Section 6, at its 
nortlieast end, but in this portion it has been but little devel- 
oped. Magnetic attraction indicates its extension for some 
distance further. It is a double bed, with a steep dip to the 
southeast, the two parts being separated by about 100 feet of 
rock. Of the lower bed but little is actually known along Sec- 
tion 6, but presumably it is the variety rich in red apatite, called 
red-ore, and found in its extension in Sections 7 and 8. The 
shaft formerly used in Section 6 is called the Tower shaft, but 
it has been long abandoned. In Section 8 the two beds are still 
separate and both have been mined. As shown on the hori- 
zontal plan, Plate II., there is an abandoned shaft, the Hew 
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Nolan, between Sections 7 and 8, and another, the Old Nolan, 
between Sections 8 and 9, but both have been long disused. 
When Section 9 is reached, the horse of rock that separated 
the two beds in the earlier sections has pitched down below the 
surface, so that their connection over its top is manifest. They 
are seen to be parts of one great body that has either forked 
around a huge horse of gneiss, or that has been folded, over- 
thrown and compressed about it. The doubling of the ore gives 
a horizontal width of 300 feet of ore, and a vertical thickness 
in this section and in Section 10 of more than this. From Sec- 
tion 9 on through Section 12, the gradual pitching of this horse 
of rock downward about 50 feet in the hundred is very clearly 
shown, and furnishes one of the most interesting features of 
the ore-body. In Section 12 the northwesterly portion of the 
compressed fold begins to show a great lenticular extension, 
apparently pinched off* from its crest. This runs through Sec- 
tion 14, but disappears entirely before Section 15 is reached. 
It is a curious mass, being shaped like a squash or a great disc, 
with a flat top and dome-shaped bottom. It was about 250 feet 
in diameter, and at its maximum was about 125 feet thick. It 
has all been mined out except three central pillars, and has left 
a huge and very impressive chamber. This ore-body is specifi- 
cally known as the Teffl shaft. 

The entrance of the projection of foot-wall, shown in Section 
14, cuts off the Tefft-shaft body, and from this onward the 
northwesterly portion of the Bonanza-Joker is the edge of this 
lower shelf of ore, which first showed itself as a bulge in Sec- 
tion 12. The general form of the ore-body, viz., a compressed 
fold around a core of rock, is continued through Section 23. 
Soon after No. 23, a cross-fault comes in which has apparently 
dropped the roof, so as to cnt off the ore across the pitch or 
axis of the pod. The pitch of about 50 feet in the hundred 
is resumed in the last sections, and it is probable that the same 
horse of rock first met continues to the end. In the last three 
sections, Nos. 21, 22 and 23, it manifests some irregularities, as 
shown by the drill-holes, and warps around to a vertical or 
northwesterly dip. 

The southeastern limits of the 21 ^-Bonanza- Joker ore-body 
have, in no case, been determined. So far as the deepest work- 
ings have gone in this direction the ore is still found. While 

VOL. XXVII. — 12 
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in tlie earlier sections it slio\\^s a steep dip, in the later ones this 
seems to flatten decidedly. Quite recently the interest in this 
portion has been greatly increased, because three diamond drill- 
holes, ranged approximately parallel to the long axis of the ore- 
body, have sllO^Yn a surprising development of ore, enough, in 
fact, to rival the huge cross-sections opened in the “ 21 pit 
itself. These appear in Sections 13 and 16, and indicate a 
dowmvard bulge in the foot-wall sufficient to gwe in the former 
a cross-section of clear ore of over 300 feet, and in the latter 
of over 250. The deep hole in 1^7o. 18 showed that, at that 
point, the bulge had ceased, but we have no data as yet as to 
the relations of this ore-body to the southeast of the location 
of the hole. The slanting holes in Nos. 20 and 21 indicate 
a great prolongation on the lines of these sections, and, as fur- 
ther reserves, the double lower lying beds, shown in Nos. 16 
and 23, are very serious factors. 

At about the point where Section 24 would be located a fault 
cuts oS the ore with an abrupt wall of 21 gneiss, and ap- 
parently the continuation of it has dropped for some unknown 
distance. As will be shown by reference to Plate X., and by 
comparing the surface contours with the end of the plotted 
workings, the fault comes immediately below a narrow gulch, 
of which it has probably been the determining factor. The 
general experience in the mining of these large ore-bodies in 
the Adirondacks has been that faults are met cutting oS the 
ore under gulches. 

Summary , — In summary, the 21 "’-Bonanza-Joker ore-body 
is essentially a double one, with a great horse of rock between. 
It is proved for about 1800 feet on the long axis, and is then 
cut by a fault. The pitch of the crest of the ore from No. 
11 (1100 feet A. T.) to No. 14 (1050 A. T.) is slight. That of 
the lower shelf, which first appears in No. 12 at 800 feet A.T., 
and is last seen in No. 23 at 575 feet A.T., is, therefore, only 
225 feet in 1100. The general axial pitch of the ore-body is, 
thus, low ill the later sections, and eorresi)onds to the facts 
already recorded for the Miller and Old Bed. It is steeper in 
the earlier sections. The interesting structural question is 
whether the ore-body is a compressed fold or a forking pod, 
and what its relations are to the two earlier described. If the 
series is a single one that was once connected and approxi- 
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matelj^ liorizontal, it must have experienced very violent com- 
pression and doubling up upon itself, together with faulting on 
an extended scale, in order to bring about present relations. 
If, on the other hand, a series of ore-bodies, with swells and 
pinches, with forkings and horses, and all much pinched by 
dynamic metamorphism, and faulted to a moderate degree, is 
conceived, the case is simpler. The former view, that the 
ore-bodies were a faulted series of a single great deposit, was 
taken by Prof. Haniis Ploefer during his \dsit in 1876, and a 
plan and section of the mines are given by him in accordance 
with this conception.* The extended series of sections now 
available, however, sets the facts in clearer light, and it may be 
stated that without them on the ground it is very difficnlt to 
keep the relations all in mind. 

0^ Neill Shaft and Cook Shaft , — These are located north of the 
Mineville group, but appear to be along the same general horizon 
in the gneisses. Both have been abandoned and dismantled and 
were full of water during the writer’s visits, although the Cook 
shaft was working during Putnam’s visit for the Tenth Census, 
and for some time afterward. It is called by bim the Smith 
mine, and is stated to have an ore-shoot 140 feet wide and 25 
feet thick in the middle, and pitching to the southwest at an 
average angle of 30°. The general trend is, therefore, parallel 
to the other mines. Smock states that both these shafts are 
connected underground. 

The ores were, in each case, attacked by shafts which were 
several hundred feet deep. At O’Feill shaft the surface is 
covered with drift, but the acidic and basic gneisses are met on 
the dumps. The hill that rises north of 0 ’Neill shaft is gabbro 
and gabbro-gneiss. Cook shaft lies on the east side of the hill, 
and Thompson shaft is a little north. Above it is gabbro and 
gabbro-gneiss, but the dump shows acidic gneisses as well as 
gabbro-gneiss. Considerable drift was penetrated by the shaft 
before bed-rock was reached. Further north than Cook shaft., 
and on the same hill, is the Humbug shaft, which cut the Hum- 
bug vein of titaniferous ore. In the valley still further north, 
and in acidic gneiss, is the abandoned Sherman mine, showing 
at the surface about 6 feet of workings, which dip 35° west. 

Die Kohlen und EUevierz Lagmidtien Nord-Am&rikm^ Vienna, 1878, 175-179, 
PL lY., Figs. 14, 15. 
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The iieigliboring surface is a very complex mingling of gabbro, 
gabbro-giieisses and acidic gneisses. 

The Barton Hill The ore of the Barton Hill group 

oiitcTops first at the south foot of the hill on the 1320 contour. 
At this pioint are located the Hew Bed mines, with the deepest 
workings in the region. The slope runs down some 2200 feet 
to the heading. tIig dip of the skip-way is about 25^. The 
ore-bed is a treble one at the surface, whose cross-section is 
illustrated by Putnam, Tenth Census^ xv., p. 109, Section A. 
Hext under the upper ore is a biotite gneiss that is a frequent 
minor associate of the Barton Hill ores, while over it is the 
usual Orchard gneiss. The biotite gneiss has light acidic 
streaks in it that consist of quartz, strained plagioclase, micro- 
cline and a little reddish biotite. Over the lowmr ore-bed is a 
mixture of quartz and magnetite, while below all is the gabbro- 
gneiss. 

Underground these beds run otf as long chutes of ore, 
whose axes have a general parallelism with each other and with 
those of the Minemlle group. The %vorkings have various 
names, which are from south to north : Little Pit, Big Pit, 
Dalton Pit, AValder’s Pit and Wasson’s Pit. Putnam, in the 
Tenth Census^ vol. xv., p. 109, gives a section at the outcrop as 
visible in 1879. It shows three beds of ore; the upper is 
Walder’s, the middle Wasson’s and Dalton’s, and the lower 
Big Pit. Big Pit has been kept open of recent years, but two 
of the others are full of wmter. 

Passing up the hill, the Old Horth Pit is met at the 1460 
contour, just beyond wdiich is the Arch Pit. The dip increases 
very much, and at the latter is 45^. The hill is quite steep on 
the south side at this point, as the surface rises to the shoulder 
shown in the contours, Plate S. The next pit is the Lover’s 
Hole. The ore lies quite flat at the surface, but increases to a 
15® dip, and soon thereafter to a much steeper inclination, 
where the bed, previously single, forks into two, the lower of 
which soon widens to a lens about 20 feet thick by 60 feet 
across, that yielded phenomenally rich ore and remarkably 
larg*e and xoerfect octahedral crystals of magnetite.* Porty 

John Birkiiibine, ^‘Crystalline Magnetite in the Port Henry, JX. Y., Mines,’’ 
Trans., xviii., 747. A good cross-section of the Lover’s Hole Fit is given in this 
paper. See also J. F, Kemp, “Gestreifte Magnetitkrystalle aus Mineville, Lake 
Champlain Gebiet, Staat New York,” Zeitschrift fur Krystallographie, xix., 183. 
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thousand tons ^ere obtained that averaged 68.60 Fe and 0.033 
P, being the richest large lot of ore ever mined in the east. 
Above the Lover’s Hole, after an interval, are the South Pit, 
the ITorth Pit and the Orchard Pit, with dips of from 15° to 19°, 
and all single beds at the outcrop. Beyond the Orchard is a 
stretch of 2000 feet, without ojieiiings, before the Fisher Hill 
mines are met. 

At Fisher Hill and Burt Lot the relations are somewhat 
more complex, and in some cross-sections three different beds 
are apparent. The ore has a general dip of 25°. At Fisher 
Hill the outcropping beds are about 100 feet apart as a maximum 
horizontally on the surface, which would he 40-50 feet verti- 
cally, or a little less, proportionatelj”, j^erpendicular to the folia- 
tion. At Burt Lot the maximum interval on the surface is more, 
being 260-800 feet, and the vertical separation for the former 
value would be about 116 feet, and, between beds perpendicular 
to the foliation, 10 feet less. There seems, however, no pro- 
nounced regularity of horizons, hut rather the presence of 
pods of ore along approximately the same horizon and near the 
contacts of the gabbro-gneiss and the Orchard gneiss. At 
Fisher Hill botli walls on the surface are the former, and at 
Burt Lot they are the latter. How much further the belt runs 
. to the north is not known, but strong attraction indicates its 
presence for some distance. 

The Chemical Composition of the Ores. 

The ores of the Minevilie group, as well as those of the 
O’Neill and Cook shafts, are all non-Bessemer, and rale rather 
high in phosphorus, in some instances unusually high. Put- 
nam’s samples, which are fair averages, gave the following re- 
sults : 
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3 , 

4 . 

5 . 

Fe, . 

. 57.71 

61.39 

60.54 
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62.64 

F, • 

. 1.266 
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Xo. S is from the Miller Pit; Xos. 1, 4 and 5 are from Old 
Bed and its extensions, being respectively from the Brinsmade, 
the Potts shaft and Old Bed proper. Xos. 2, 6 , 7 and 8 are from 
mine 21 and its extensions, respectively, the Xolan shaft, the 
Teffl. shaft, “21” pit weathered ore, and compact ore from same. 
Xos. 9 and 10 are samples from the shipping piles of the Port 
Henry Iron Ore Co., being respectively from 30,000 tons of lump 
and 40,000 tons of fine. Xos. 11 and 12 are from similar piles 
of Mitherbee, Sherman & Co.’s output, respectively 23,000 tons 
lump and 38,000 tons fine. Xos. 13 and 14 represent the lump 
and fine ores of Cook shaft. The ores are all rich, and are ex- 
ceptionally high in phosphorus, as iron-ores go. It is unfortu- 
nate that the Ti 02 was not determined, but it is metallurgically 
negligible, although scientifically interesting. Prof. Hoefer, on 
p. 178 of the report cited later in the bibliography, gives a com- 
plete analysis of Old Bed ore, as furnished by Mr. Witherbee : 


Fe, 

. 64.25 

0 with Fe, 

. 24.49 

HaO and organic, 

. 0.31 

Insoluble, SiO^, etc, . 

. 3.24 

S, 

. 0.03 

PA, 

. 2.93 

AiA, 

. 0.80 

CaO, 

. 3.55 

MgO, 

. 0.13 

MnO, 

. 0.09 

Undetermined, 

. 0.18 


100.00 


The interesting point of the titanic acid is not quantitatively 
solved by the analysis, as the TiOj wms doubtless "weighed, if 
present, with one or more of the other ingredients. The lime 
is chiefly from the apatite. 

The Barton Hill group supply almost entirely Bessemer ores, 
which, in instances, have proved extremely rich and pure. 
Putnam’s samples, and certain others as stated below, ran as 
follows : 
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0.024 

m , 

Absent. 

Present. 

Present. 

Present. 
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22 , 

23 . 

24 . 

25 . 
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Fe, . 

63.48 

63.34 

63.40 

66.81 

65.65 

65.12 

F, . 

0.047 

0.02 

0.045 

0.032 

0.027 

0.0289 



GEOLOGY OF THE MAGNETITES NEAR PORT HENRY, N. Y. 175 


15 is from 5000 tons JTew Bed; Xo. 16 from 3 cars of 
the so-called South Barton Hill mines, i.e.^ Old Xorth Pit and 
Arch Pit; Xo. 17 is from 500 tons from the mines farther up 
the hill; Xo. 18 is from 8500 tons Fisher Hill ore. Xo. 19 is 
the average of 30 samples, representing 40,000 tons of ore from 
the rich chute iu the Lover’s Pit; it is from Mr. Birkinhine’s 
paper, cited in the bibliography. From the same source are 
taken the remaining analyses. Xo. 20 is from the Xorth Pit, 
average of 26 samples ; Xo. 21, from South Pit,* average of 28 
samples; Xo. 22, from Orchard Pit, average of 22 samples; 
Xo. 23, from Boe shaft (near Xe^Y Bed), average of 4 samples; 
Xo. 24, from Big Pit (part of Xew Bed), average of 21 sam- 
ples; Xo. 25, from Little Pit (part of Xew Bed), average of 
15 samples; Xo. 26 is the average of Xos. 19 to 25, inclusive. 

It is evident from these that, in later years, the ores liave 
been very rich and pure. 

Three complete analyses are available of these ores : (a) is of 
Xew Bed, and (b) a general sample of the Bessemer ores, both 
analyses being taken from Hoefer; (e) is of the crystalline 
magnetite of the Lover’s Pit, and is taken from Birkinbine’s 
jDaper, as already cited ; 
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Fe, . . . 
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50.38 


71.58 


0 witli Fe, . 


24.49 

19.20 


27.27 


H^O and organic. 


0.38 
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Insoluble siliceous, 
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S, . . . 


None. 

None. 


None. 


■p,0„ . . . 


0.038 

0.05 


0.009 


ALA, . . ■ 


0.028 

0.32 

0.240 


0.240 

CaO, . 


0.14 

0.17 

0.280 


0.310 

MgO, . . , 




0.350 


0.330 

ilnO, . 







IJndet., 


0.592 

0.23 




SiO„ . 




0.110 


0.125 

Tid, . . • 




0.147 


0.150 



98.228 

ICO. 00 

99.986 


100.014 


These analyses give us a very interesting insight into the 
composition of the ore, although we cannot but regret that the 
insoluble matters in (a) and (b) were not broken up. In (c) the 
FeO was found to be, in duplicate, 23.727 and 23.753, being 
very near the theoretical value. The titanic acid is also of in- 
terest, as it shows the q[uantitative amount of this substance iu 
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verv pure material. The slight impurity present was doubt- 
less a little chlorite and serpentine in the cleavage cracks of 
the mineral. 

The Burt Lot ores run comparatively low in iron, although 
of Bessemer grade. They are chiefly adapted to concentration, 
for Avhich the large mill at Mineville AA'as built. Recent con- 
ditions of the iron business have precluded its use. 

The' Geological Relations op the Ores. 

The map, Plate S., is intended to illustrate the geologj' of 
the area embracing the mines. Only outcrops are plotted, and, 
Avhere no rock is indicated, the surface is buried in glacial 
drift. It is at once evident that the mantle of the latter is 
widespread, and that comparatively few ledges project except 
on the hill-tops and at the mines. Five difterent rocks are dis- 
tinguished in the signs, of which the fifth is a massive, unmeta- 
morphosed form of one of the other four. For clearness in 
description, these will he called the “ 21 ” gneiss, the Orchard 
gneiss, the Barton gneiss, the gahbro-gneiss and gabhro. All 
except the most massive variety of the gabhro display gneissoid 
foliation, hut in the “ 21 ” gneiss and the Orchard gneiss it may 
be faint. 

The “ 21 ” <S^ne?'s 5 .— This appears in its typical exposure in 
the hanging-wall of the great pit at the “ 21 ” mine. It can 
be obtained on the south side of the pit, as well as in the work- 
ings. It is a moderately coarsely crystalline rock of pronounced 
granitic character. To the eye it exhibits almost no dark sili- 
cates, and appears to be little else than quartz and feldspar. 
Rear the ore, just as has been the experience at Hammondville, 
little red crystals increase noticeably in amount and suggest 
garnets, but the thin sections indicate that they are titanite. 

Under the microscope, the rock is seen to consist of micro- 
perthitic feldspar and of quartz, together with smaller and 
scattered grains of plagioclase, magnetite, titanite and zircon. 
A typical ease is shown in Fig. 2,* which muU give a fair idea 

•* The five microscopic drawings were all made from photomicrographs, that is, 
from photographs taken with a camera whose lense was an ordinary petrographical 
microscope Blue-prints were then made from the negatives and inked in on the 
lines of the photograph with water-proof ink. The blue-prints were then placed 
in a weak solution of sodium carbonate, which bleached them, except for a faint 
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of the relations. It may he well to explain that microperthite 
is a name applied to a Tariety of feldspar, particularly ortho- 
clase, that has as inclusions flattened spindles of some other 
feldspar, especially albite, in parallel alignment, so that the 
latter may even constitute the larger part of the aggregate. 

The microperthite occurs in irregular grains and at times 
contains rounded inclusions of quartz, indicating a succession 
of the minerals in order of formation the reverse of that in the 
usual igneous rock, the quartz, if it is a real inclusion, having 
formed before the feldspar. These relations are common in 
metamorphic rocks and lead one to infer that the gneiss has 


Fig. 2. 



21 ’’ gneiss ; ordinary light ; actual field, 2.5 mm. =0.1 in The clear mine- 
ral is quartz ; the shaded* one feldspar. The shading is purely conventional The 
spindles of albite in the micro-perthite are self-evident. The black is magnetite. 

gone through some process of recrystallization. During this, 
the quartz and feldspar m^y have crystallized at the same time, 
or the quartz may have resulted from some secondary change in 
the original feldspathic compound. Microperthite itself is more 
common in metamorphic rocks than in unchanged igneous 
ones, although it appears to be not unknown in the latter.* It 

brown tinge, and afterwards in very dilute hydrochloric acid, which turned the 
brown pale blue, leaving the black ink on a white or pale blue (actinically white) 
ground. In this way the accuracy of a photograph is preserved, together with 
the distinctness of a pen drawing. Photomicrographs of rock sections are other- 
wise very unsatisfactory because of their flatness and failure to bring out desired 
details. The drawings were kindly made by the writer's friend, Dr. W. D. 
Matthew, of the American Museum of Natural History. 

* Osann has recorded microperthitic orthoclase in a phonolite from Western 
Texas, which with some other peculiarities led him to give it the special name 
paisanite. Tschermak’s 3Iin. und Fetrog. MUtheilwngen, xv., 435. 
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seems to be due in the present instance to the iDenetration of 
solutions bearing soda into the original feldspathic compo- 
nent, in this ease supposed to have been prevailing orthoclase, 
and to the formation of albite by their reactions with it. All 
the minerals exhibit severe dynamic strains as indicated by the 
undulatory extinction and the soda solutions probably followed 
solution planes, made accessible by the strains. The albite 
spindles are not parallel to either of the cleavages, but cut them 
at varying angles, according to the location of the section. It 
is fair to state that the albite may be explained as due to the 
breaking up of a soda-bearing orthoclase into albite and ortho- 
clase, but the former explanation is regarded as the more prob- 
able. The microperthite varies in degree of development, and 
begins in the central portion of the crystals. It is often sur- 
rounded by a border of clear feldspar. It is certainly an indi- 
cation of considerable metamorphic change. It figures promi- 
nently in the Barton gneiss, and its faint beginning may be 
detected in the massive gabbro. 

The plagioelase is noi^mal, multiple-twinned plagioclase, 
whose extinctions are those of oligoclase. The other minerals 
are unimportant. 

The Orchard Gneiss , — This is found in typical development 
as the hanging-wall of the Barton Hill ore-beds and appears all 
along their outcrops as a narrow band 30 to 50 feet across. It 
is also met in diamond-drill-holes almost invariably over ore- 
bodies, and forms a considerable outcrop on the slopes of Bar- 
ton Hill above the Miller Pit. 

In the hand specimen it looks very like the 21 gneiss. It 
is light-colored, granitoid in texture and shows practically no 
dark silicates, quartz and feldspar being the only minerals re- 
cognizable. In thin section however, it is found to contain 
quartz and 23lagioclase alone, no microperthite being present. 
The 23lagiocIase is shown by its optical properties to be oligo- 
clase. Small magnetites and zircons are also jaresent. In one 
slide (511) from a band of this gneiss, lying between two of the 
ore-beds at New Bed, considerable microcline is met. 

The Barton Gneiss , — This forms the summit of Barton Hill. 
It is a decidedly darker gneiss than either of the others just 
described, and contains abundant dark silicates. It begins 
about 50 feet, more or less, above the Barton Hill ore-bodies and 
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extends to the summit. It is also met in drill cores over toward 
Mount Tom, as shown by the cross-sections CO and DDD. 
In mineralogy it is intermediate between the “ 21 ” gneiss and 


Pig. 3. 



the gabbro. Under the microscope it exhibits microperthite 
as the most abundant mineral, with which are small and less 


Fig. 3a. 



Orchard gneiss : crossed Mcols ; actual field, mm. = 0.1 in. The striated 
mineral is plagioclase ; the clear one quartz. The concentric lines parallel to 
the edges are due to strains in the crystals brought out by polarized light. 

frequent quartzes, oligoelases and orthoclases. The dark sili- 
cates are brown hornblende, emerald-green augite, and rarely 
hypersthene. All are in irregular pieces or, to use Pirsson’s 
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useful terni, in anhedra/'^ Apatite is common and the anheclra 
are moderately large for this mineral A good average speci- 
men of it is shown in Fig. 4. Quartz is less abundant than in 

either of the previous gneisses. 

The Gahhro and Gabbro-Gneiss , — These two rocks, which 
differ considerably in mineralogy and texture, so much so that 
the massive variety can be readily distinguished from the 
gneissoid in the hand specimen, are nevertheless described 
together, because they are essentially one geological unit and 
pass one into the other by insensible gradations. This is a 
familiar phenomenon in the Adirondacks, and, as is well known, 
variability is a characteristic feature of gabbros. 


Fig. 4. 



Barton gneiss ; ordinary light ; actual field, 2.5 mm. = 0.1 in. The clear min- 
erals are quartz and micropcrthite. The microperthite is the one surcnarg^ci 
with little spindles. The minerals faintly shaded are orthoelase and oligoclase. 
The minerals with the heavy borders are hornblende when shaded and augite 
when not. Magnetite is dead black ; and apatite is faintly dotted. 

The massive gahbro is illustrated in Fig. 5. It is a moderately 
coarse, granitoid aggregate ofplagioclase (lahradorite, and, from 
the optical properties, some even more basic members of the 
plagioclase series), pale green augite, hypersthene, brown 
hornblende, rare olivine, garnets, magnetite and apatite. The 
plagioclase is in rather broad anhedra, often, untwinned, but 
when in this condition exhibiting a biaxial interference figure 
in characteristic relations to the cleavage cracks. 


By anhedron (plural anhedra) is meant a component mineral in a rock which 
is irregularly bounded and without the plane faces implied by the word crystal. 
It was suggested by L. V., Pirsson, Bulletin OeoL Soc. Amevicct, vol. vii., 492, 1895. 
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Tlie dark silicates are more often in granular aggregates than 
in larger anliedra. A grain of magnetite maj form a nucleus, 
around whieli will be a rim of brown hornblende, and then the 
feldspar; or a group of hornblendes, augites and hypersthenes 
may occur together. The olivine is in rare and serpentinized 
anhedra. The garnets form, as a rule, slender, fingerdike ag- 
gregates in the feldspar. They may raniity irregularly or may 
follow certain of the twin lamellae of the feldspar, presenting 
yery curious and interesting phenomena. Some of the feld- 
spars show microperthitie deyelopment, with the small albite 
spindles sparsely deyeloped in the midst of an untwinned an- 


Fig. 5. 



Massive gabbro ; ordinary light ; actual field, 2.5 mm. =0.1 in. The light 
mineral with parallel lines is labradorite ; the one with heavy parallel or diagonal 
shading is hornblende ; the one with rectangular cleavage-cracks is augite ; the 
irregular grains with heavy borders are garnet, and the black is magnetite. 

hedroii, which extinguishes just about parallel to its cleavage 
cracks, and maybe orthoclase, although the extinction is iindu- 
latory. The spindles themselves make an angle of about 70® 
with the cleavage. The twinned plagioclase also shows in 
many cases the dusty inclusions in the center of an anhedron, 
that fade out toward the borders. These are probably pyrox- 
enic dust and are well-developed in many Adirondack gabbros, 
and have been previously noted. They are quite common in 
other regions as well in Canada as in Europe. The devel- 
opment of the microperthitie feldspar is highly significant, oc- 
curring, as it does, in a plutonic gabbro. 

There are several good exposures of the massive gabbro, but 
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perliaps tlie best is under the second wire-tramway support just 
below the Lover's Pit. The giieissoid variety is the common- 
est rock along the lower slopes of Barton Hill, and embraces 
the massive exposures in its larger area. It is a dark, coarsely 
laminated rock that exhibits under the microscope coarse, 
brown hornblende and more or less kaolinized plagioclase, with 
practically little else. Intermediate varieties with considerable 
augite and with a little hypersthene and garnets have also been 
met, but with the passage of the gabbro into hornblende gneiss, 
the pyroxenes and the garnet disappear. The change is thought 
by the writer to be due to dynamic metamorphism, and has 
been previously noted.* A typical thin section is illustrated 
by Fig. 6. 

Fig. 6. 



Gabbro-gneiss ; ordinary light; actual field, 2.5 mm. = 0,1 in. The clear 
mineral is plagioclase ; the one with diagonal cleavage is hornblende ; the black 
is magnetite. 

Pegmatites are not lacking in the gabhro-gneiss in streaks as 
a rule small, and one vein of orthoclase was met just north of 
the Lover’s Pit on the slope of the hill. 

Minor Bocks . — The excavations and dumps afford other varie- 
ties of rocks not included in the above. On almost all the 
clumps along the Barton Hill group a richly micaceous gneiss 
is afforded in which biotite is a prominent constituent. Under 
the microscope it shows in addition emerald green augite, green 
hornblende, plagioclase, magnetite, apatite and unnsually abun- 
dant titanite. It is regarded as a phase of the foot-wall gabbro- 

* J. F. Kemp, ‘‘Gabbros on the Western Shore of Lake Champlain,” Bull. 
Owl. Soc. of AuieriGa^ v., 221, 1894. 
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gneiss near the ore. ISTear the ore are also met coarse aggre- 
gates of hornblendej plagioclase^ magnetite and quartz in the 
nature of pegmatites. With these are found some of the most 
interesting minerals of the locality, as vail be later noted under 
the paragraph relating to the mineralogy of the mines. These 
hornblendic aggregates make it difficult, if not impossible, to 
get the true foot-wall in the mines. At the Lover's Pit is also 
found a dense green rock, which contains pockets of pink and 
green fluorite. It is an aggregate of grains of quartz, a half- 
millimeter (0.02 of an inch) in diameter and surcharged with a 
telt of little needles. The latter are double refracting and have 
extinction angles ranging up to 20^. They are probably aeti- 
nolite, but they are so excessively minute that more reliable 
data were not obtained. The quartz was determined on the 
basis of the positive uniaxial character of the sections. 

In Mine coarse pegmatite consisting of orthoclase, albite, 

quartz, hornblende, biotite and magnetite form a large pjart of 
the horse of rock over which the two portions of the ore seem to 
be folded. J^'otes on the albite, whose identity was a surprise, 
will be found under the heading Mineralogy. The portion of 
it that was hoisted for the dumps last summer (1896) was 
richly provided with zircons and other interesting minerals, as 
later noted. From the sides of the great pit, veins or dikes of 
pegmatite can be seen cutting into the ore, appearing to be of 
later formation than it. The trap-dike earlier referred to in 
the Miller Pit is diabase. 

Mineralogical Relatmis of the Gneisses. — ^It is evident from the 
preceding descriptions that in their minerals the several gneisses 
are more or less related. The pure plagioelase-quartz aggre- 
gate of the Orchard gneiss passes into the “ 21 ” gneiss by the 
addition of microperthite, which is regarded as a secondary 
metamorphic product, some plagioclase being always present 
in the 21 ” gneiss. The entrance of bisilicates causes the dif- 
ference between the “21” gneiss and the Barton gneiss, and 
the decrease in quartz accompanies this increased basicity. It 
is possible that all these are varying phases of the same original 
rock mass, and the general characters suggest its igneous affini- 
ties. From these three the gabbro and gabbro-gneiss are easily 
set off as later and quite different members of the series. 

The Straiigraphical Relations of the Gneisses. — ^By reference to 
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tlie map, Plate X., it will be seen that the “ 21 ” gneiss is ex- 
posed over the large pits, and especially over the “ 21 ’ p)it it- 
self, and on the south side it forms a wall about 100 feet in 
thickness. The outcrop of the same rock over the Miller Pit 
quickly gives place to the gabbro-gneiss as one proceeds north- 
west. This extends for 250 to 300 feet, and then in turn yields 
to a tongue of the Orchard gneiss, about 100 feet across, but 
this latter pinches out to the southwest, being entirely sur- 
rounded at this end by the gabbro-gneiss. The northeasterly 
extent is unfortunately all concealed by glacial drift. Beyond 
the Orchard gneiss a steep shoulder of Barton Hill soon rises, 
entirely formed of the gabbro-gneiss, but to the southwest it 
shades into the massive type. The type specimens of the mas- 
sive gabbro were collected in this area. Besting on the gabbro- 
gneiss is the ore, sometimes in one, sometimes in two or even 
three separate beds, and of irregular shape, but exhibiting m 
the pods or chutes a marked axial alignment to the southwest. 
Over the ore lies a rather thin but very persistent stratum or 
sheet of the Orchard gneiss, roughly fifty feet thick, and then 
the Barton gneiss forms the top and -svestern side of the hill, 
and is met in Belfry Hill to the west, where, how'ever, it is 
often rich in large garnets. These relations appear at a glance 
ou the maps, Plates X. and XL, and on the two sections AA 
aud BB, Pigs. 7 and 8. AA is of especial interest, because it 
is based on both surface observations at a place of good out- 
crops, and on two drill-holes, Xos. 162 and 168, which lie on 
its line. Samples from 163 have been microscopically deter- 
mined, and have furnished one of the most important cheeks 
oil the stratigraphy. 

The sections exposed by the two holes are important, because 
they show that the contrasted sheets of gneiss are quite regular 
and persistent for considerable distances. In depth, moreover, 
in Xo. 163, at 75 feet below the ore the gabbro-gneiss gave 
place to a narrow sheet of the Barton gneiss, 25 feet thick, 
which was followed by the gabbro-gneiss for 62 feet, and then 
after penetrating the Barton gneiss for 5 feet the hole stopped. 
On the surface, as the small outliers show, the Barton gneiss 
extends both northeast and southwest. The same is true of the 
gabbro-gneiss. 
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In sections CC and DVB, Figs. 9 and 10, the relations are 
a-aiii shown stratigraphically, the determinations in hole No. 



Cross-section on CC, Plate X, between drill-holes 141 and 3. 



140 hEviD^ bPGB inicroscopicRlly ibrcIp. Th.6 otlicrs <iro bRSpd 
on naines given by Mr. McKee on tbe basis of my determina- 
tions of tbe cores of 140. 
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Under the 21 ’^-Bonanza-Joker ore-body, tlie gabbro-gneiss 
has been cut by drill cores, and that of hole 44 B, at 310 feet, has 
been examined microscopically. It U the usual aggregate of 
hornblende and plagioclase. So far as the drill records sliow, it 
extends without break to a 9-foot bed of ore, which was met in 
this hole somewhat more than 100 feet below the 21 ” ore- 
body, showm ill Section ZSTo. 13, Plate Y. The foot-wall of 
the 9-foot bed is the normal “ 21 ” mieroperthitic gneiss. 

The geological relations at Fisher Hill and Burt Lot are 
more complex, although, broadly speaking, they are much the 
same. As shown on the map, Plate XL, the Orchard gneiss 
appears in the eastern pits of Fisher Hill and forms both walls. 
Under Xo. 9 a very considerable cross-section is afforded, there 
being quite 40 feet of it exposed beloiv the ore, and containing 
small streaks of magnetite. It also appears over the ore. 
When, however, the next pit to the west, Xo. 11, is examined, 
a much darker gneiss is found in both walls, and one that has 
closer relations with the gabbro-gneiss than with any other. 
It is therefore drawm with the sign of the gabbro-gneiss. It 
consists of plagioclase, brown hornblende, emerald green aug- 
ite, browm biotite, apatite and magnetite. The feldspar shows 
no microperthite. The rock therefore differs in this last respect 
from the Barton gneiss, although like it in others. It is in the 
stratigraphical position of the Barton gneiss, and there may be 
some question whether it represents it or the gabbro-gneiss. 
Along the highwmy the Orchard gneiss runs to the west of the 
general line of the Barton gneiss, and appears also to the iiorth- 
w^ard beyond the actual pits. East of the northwmrd extension 
of the highway that passes next the little pond, gabbro is ex- 
tensively developed, and, as drawn on the map, it forms a large 
hill to the eastw^ard. Still further to the northeast, near the 
little hamlet of Fletcher^dlle, the relations of the gabbros and 
acidic gneisses are again very complex, and are not taken up 
here. On its east and south sides this hill has been productive 
of much ore, from the Cook shaft and the O’Xeill shaft. Both 
are quite deep, are now^ abandoned and are therefore inaccessi- 
ble. The dumps show, however, both basic and acidic gneisses, 
as is the usual rule. The ores in character and geological posi- 
tion correspond to the Mineville group rather than the Barton 
group. 



rialeXT 
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Geological Map of Fisher HUl, Burt Lot, and the Hill to the East of them. A continuation of Plate X. 
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The greatest geologic interest attaches to the interpretation 
of the nature of these constituent gneisses. The following 
hiief summary is an endeavor to set forth the certainties and 
the most reasonable inferences : 

1. The foliation or gneissoid development is most promi- 
nently showm in those rocks that are rich in dark silicates. 
These are the gahhro-gneiss and the Barton gneiss. It almost 
fails in the others. In the gabbro-gneiss there is little doubt 
that it has been developed in an otherwise massive plutonie 
rock hy dynamical processes, such as shearing and viscous flow 
under pressure. The foliation of the other gneisses has prob- 
ably originated in the same way, but that they were originally 
plutonie or other igneous rocks is less clear, although it is the 
conviction of the writer that they were. This question is an 
obseiire one, on Tvhich, however, chemical analyses might throw 
some light. 

2. The foliation, although more or less irregular, yet follows 
very closely, so far as one can observe, the contacts of the dif- 
ferent kinds of rock. On the slopes of Barton Hill it is iin- 
dulatory in places, hut it con^esponds closely, and apparently 
exactly, to the strike and dip of the ore. 

3. The ores lie at the contacts of the gabbro-gneiss and a 
much more acidic type, which on Barton Hill and in some drill- 
cores, to the southwest of the Mineville group, is the Orchard 
type of gneiss, but which in 21 and the neighboring mines 
is the 21 type. As a rule the gabbro-gneiss forms the foot- 
wall, the acidic gneisses the hanging, but the reverse is true in 
hole 44 B, Section 13, w^here, as stated in the fifth paragraph 
above, a 9~foot bed is intersected. The location at the contact 
is also less clearly shown at Fisher Hill and Burt Lot, for at the 
mouths of the pits the ore is in a single kind of wall-rock. At 
the Big Pit this is gabbro-gneiss, as determined in specimens 
from the hanging, hut the “ 21 gneiss was fonnd on the 
dump). At the Burt Lot mines the Orchard gneiss appears 
along the railway, below Ho. 9 pit and also in the hanging, 
whereas the hanging of Ho. 11 pit, 50 to 75 yards west, is the 
questionable gabbro-gneiss, and the ore appears in it. Although 
this reverses the usual succession, and although the ore is some- 
times all in one kind of rock, yet the contact is near. It is freely 
admitted that difterence of opinion might arise as to the deter- 
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mination of the darker basic gneisses, whether they are to be 
eousidered of the gabbro-gueiss type, or of the Barton tj pe, 
as \yas set forth earlier in speaking of the stratigraphical re. 
latioiis. but the best interpretation seems to the Avriter the one 

jnst given. 

4. "rhe relations of the rocks lead to the conclusion that the 
irahhro Avas intruded as one or more sheets, AA'hieh pierced the 
gneisses parallel Ayith the present direction of foliation, and 
AA'liich probably caught up large inclusions, such as the mass of 
the Orchard gneiss aboA'e the Miller Pit. The intrusion under 
the MineA'ille group may be a difierent one from that under the 
Barton Hill group, and the contrasted ores giye some ground 
for the inference, but lithologically both are the same kind of 
rock. Subsequent to the intrusion and to the ore-deposition 
came the dynamic metamorphism ryhich developed the gneiss- 
oid foliation. Presumably the pressure acted in a nortlwest- 
erlA' direction and caused the elongation of the ore-bodies to 
assume its northeasterly trend. The Barton Hill group remain 
in a monocline, but the MineAulle group are in a faulted anti- 
cline. The ore-deposition, the metamorphism and the folding 
are all of pre-Cambrian date, but some of the faulting prob- 
ably is later. The rocks are apparently of deep-seated and 
plutonic nature, as are the phenomena of ore-dej)osition. 

The Origin of the Orbs. 

This is an obscure question, and to a certain extent, so long 
as doubt hangs over the nature of the acidic gneisses, whether 
sedimentary or igneous rocks in their unmotamorphosed con- 
dition, just so long AAull an element of doubt enter into the 
origin of the ore. Indeed, the method of formation of our 
magnetite ores, in the Archaean gneisses, has always been es- 
teemed a very hard problem, and, although it seemed simpler 
in earlier years, Avhen the gneisses were confidently believed to 
be metamorphosed sediments, Avhose bedding Avas preserved in 
the foliation, and when the magnetites were supposed to have 
been limonite or clay-ironstone or black-band beds, such as we 
see in sediments to-day,* yet the advance of investigation in 

* See, for instance, J. S. Newberry, “The Genesis of Our Iron-Ores,” School of 
Mines Quarterly, November, 18S0, vol. ii., p. 6. 
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metamorpliic districts lias so often shown the affinities of 
gneisses with dynamically metamorphosed granites and other 
plutonic rocks, that all of our later observers have adopted a 
very conservative attitude regarding the ores. Many have re- 
garded them as segregated veins whose iron oxide has collected 
by a leaching of the neighboring wall-rock and a eoncenft’ation 
of it into lenticular masses parallel to the foliation (or supposed 
bedding) of the gneisses. It is, however, difficult to conceive 
of the ores coming through hard crystalline rocks in this way 
(unless the deposits were formed before metamorphism) and of 
making a place for themselves by either forcing the wall-rock 
to bulge laterally or by replacing it. If deposition before 
metamorpliism is assumed, we are then brought back to the 
uncertain ground of what the rocks were in those early times. 
The lenticular shape is best accounted for by xwessure and conse- 
quent stretching of a bed or mass already formed, and for magnet- 
ites not associated with rocks demonstrably igneous, the above 
conception of a segregated vein may f)roj>erly seem reasonable.* 

Others have thought them replacements of limestones, x^re- 
sumably stretched out into lenticular beds by dynamic meta- 
morphism ; but these magnetite mines are notably lacking in 
minerals involving much lime ; and calcite, while occasionally 
met in small cross-fissures, is, as a rule, a rarity. f Its original 
existence is a matter of assumption. Again, conceiving of the 
gneisses as originally fragmental sediments, the magnetites and 
their associated ax)atite have been regarded as concentrated 
placers or shore-deposits of relatively heavy minerals, such as 
we sometimes see along large rivers or on sea-beaches.J This 
view has claims to serious attention ; but, again, it is built on 
the uncertain foundation of the early history of the gneisses. 
It and indeed all the views involving this original sedimentary 
condition of the wall-rock, have received some corroboration 
from J. E. Wolfl:*’s very important and significant investigations 
at Hibernia, J.,§ where a study of the structural geology 

* Compare H. S. Tarr, Economic Geology of the United States, p. 130. 

t See in this connection J. P. Kimball, “ Genesis of Iron- Ores by Isomorphons 
and Pseudomorphous Eeplacement of Limestone, Amei\ Jour, Sei.^ Sept., 1891, 231; 
Amer. Geologist, Dec., 1891, 352. Archean magnetites are not specifically treated. 

X This conception is urged by B. J. Harrington, Can, GeoL Survey, 1873-4, p. 
193, and by A. A. Julien, Proc. Philadelphia Acad. Sci., 1^82, p. 335- 

§ Geological Structure in the Vicinity of Hibernia, N J., and Its Eelation to 
the Ore Deposits,” Annucd Report of N. J, State Geologist for 1893, p, 359. 
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gave greater reason to view the gneisses as a sedimentary series 
having a top and bottom than anything else. Prof. Wolff does 
not take up the special question of the origin of the ore ; but 
it would be conditioned more or less by this view. The pres- 
ence and association with the ores near Mineville of the great 
intrusion of demonstrably igneous gabbro gives the problem 
regarding them some notable differences from the Hibernia 
ores, and, indeed, introduces another factor different from any 
mentioned in the other conceptions cited in a general way. As 
regards the hard and soft ores of Lake Superior, about whose 
history we have of late learned so much, it may be stated that 
no analogy can be traced with the present case. There is no 
reason to think that these have ever been siliceous carbonates 
of iron, which have altered to oxides and jaspers or cherts, for 
the latter fail, except for a rare occurrence of jasper in a cross- 
veinlet in the Hiller Pit. 

It is to be remembered that we have to deal with. long, ir- 
regular bodies of magnetite, at times in double or triple beds or 
chutes^ with much pegmatite associated, that itself contains 
large crystalline masses of magnetite. The ore, while ex- 
tremely low in apatite in the Barton Hill group, is exception- 
ally high in this mineral in the Mineville group, and, perhaps, 
is the richest in it of any large iron-ore body in this country.* 
Traces of titanic acid have been met in all the mines; but it 
is in very small quantity and may be largely in the form of 
disseminations of titanite, a mineral that is common in the as- 
sociated wall-rock, t On the analogy of the neighboring titan- 
iferous ores that occur in gabbi’o and that are unquestionably 
of igneous origin — by the crystallization and concentration 
of titaniferous magnetite in a fused and cooling magma — one 
might infer the same for these, lying, as they do, along the 
outer portions of a gabbro intrusion. But the long and rela- 
tively thin beds or chutes on Barton Hill, their double or treble 


* See John Fritz in Mineral Induafry^ 1895, p. 4 “0. 

t See in this connection the analyses given in the Tenth Cenam, vol. xv., p. 111. 
It is a matter of regret that while. the Tenth Census authorities made complete 
analyses of the ores from a number of the little and unimportant iron-mines of 
New York, none were made from those of Mineville, although the latter, from a 
very limited area, produced in the census year nearly half the State’s total, and 
still rank with onr largest ore-bodies. 
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cliaracter, and the position of the ore entirely within the acidic 
gneiss, as at Fisher Hill, all militate against this view. 

It seems most reasonable to the wnnter to regard the ores 
here described as contact-deposits formed by the influence and 
stimulus of the gabbro intrusion; but, at the same time, the 
difficulties and uncertainties are appreciated, and the conception 
is supported as the most reasonahle one, rather than as one abso- 
lutely demonstrated. Their history would then be somewhat 
as follows: In pre-Cambrian time, and before the complete 
metamorphism of the “ 21,” Orchard and Barton gneisses from 
their original conditions, whatever they were, and while the 
rocks were deep-seated, the intrusion or intrusions of the gabbro 
took place. Attendant on their cooling and crystallization, the 
emission of highly-heated solutions of iron and other com- 
pounds transpired, presumably with vapors in some degree, and 
these circulating along the various contacts gave rise to the ore- 
bodies. They must have replaced in large part the wall-rocks 
and have made a place for the iron-oxide in this way. The 
lean ores, and there are large amounts of these at Burt Lot and 
in some of the drill-cores, that are chiefly quartz and mag- 
netite, were deposited in certain localities. The coarse horn- 
blende-magnetite-pegmatitie masses, with their associated apa- 
tites, zircons and titanites, also resulted. The irregular veins of 
ore of small size that are met as oflfehoots were formed along cer- 
tian channels.* The considerable masses of fluorite wsurchargecl 
with disseminated magnetite likewise resulted, and the great 
albite-quartz-hornblende-pegmatite, with its superb zircons 
in Mine 21, came into existence, although it is possible 
that it marked a late stage of the fumarole or pneumato-hy- 
datogenetic ” action (if we are not unduly frightened by Prof. 
Vogt’s formidable but significant word). By this action re- 
sulted as well the huge allanites later described and certain 
minor phenomena. Boracic solutions or vapors seem to have 
been lacking, for tourmaline has not yet been noted at the 
mines. 

The remarkable richness in apatite shown by the red ore is 
esteemed a strong point in favor of this conception. Apatite 
veins have themselves been extremely hard problems, but the 

* See, in this connection, the figure in Mr. BirkinbWs paper on the Crystal- 
line Magnetite in the Port Henry, N. Y., Mines,” Yrans., sviii., 747, Fig. 2. 
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drift of opinion has been in late years to consider them as pro- 
ducts of the same general processes as are set forth above for 
these ore-bodies. The recent papers of J . H. L. ^ ogt* are 
generally familiar and advocate this method of origin as one of 
the after-effects of gabbro intrusions. The richness in apatite 
of the IMineville ores led to their earliest development as a 
source of phosphates for fertilizers. In many respects the 
mineralogv of apatite veins and ot these ores is identical. 

Iron ores themselves have been referred to contact actions in 
Xonvay, and on looking the subject up), the vriter discovered 
that the same view had been taken some years ago by Prof. 
Vogt for certain ores in PTorway that are generally associated 
■with granite, t Some of the sections as noted in the foot-note 
below are very like those of Barton Hill. Prof. Vogt even goes 
so far as to refer to the igneous intrusions the formation of 
veins as much as kilometers distant, but while one might 
hesitate about such remote instances as these, greater confidence 
may be felt regarding those at or very near the contact. As 
investigation of the geology of the Adirondacks progresses, it 
is more and more evident that the parallelism Avith that of 
Scandinavia is in many respects very close. 

Regarding certain of the other mines in the region, it may 
be said that the Cheever ore lies in a long, forking pod a short 
distance above a great gabbro intrusion, but in a p)yroxene 
gneiss. The mines at Hammond'ville, now abandoned, are based 
on a series of veins in a massive rock exactly like the Orchard 
gneiss of this paper, that, however, covers a considerable area 
and forms both walls. Great gabbro intrusions are in the 
neighborhood.! 


* The most accessible statement of them for American and English readers is 
in the Mineral Industry^ 1895, pp. 743-754, where references are given to other 
papers in German. 

t J. H. L. Vogt, On dannehe af jernmahiforekomster, especially Part II., Je?'n- 
malmvorkomster darmede red pneumatolytiske processer* On the F ormation of Iron- 
Ore-Bodies.” Part IL, Iron-ore-bodies formed by pneuniatolytic processes.) 
There is a rkumi in German at the end of the paper. Fig. J2, on p. 83, is strik- 
ingly like the Barton Hill sections, except that the underlying intrusive is gran- 
ite and the overlying one Silurian schist. Vogt refers to one near Vien that is 
associated with gabbro-diabase, p. 83. The Norwegian apatite deposits are asso- 
ciated with gabbros, as is well known. The above paper was published by the 
Norwegian Geological Survey (Vo/pes Undersogeke), Kristiania, 1892. 

J J. F. Kemp, Report of N, Y* State Geologist^ 1893, pp. 455-4 CO. 
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Regarding contact-action elsewhere in the Adirondacks, C. 
H. Smyth, Jr., has recently published a reiy valuable paper on 
the zones in St. Lawrence county,'^ that have been such fruit- 
ful sources of finely crystallized minerals. They lie along the 
contacts of gabbros and crystalline limestones, and are signifi- 
cant in this connection as showing the presence of contact ef- 
fects along gabbro intrusions rather than a similarity of degree 
and results. Similar views have also been expressed by the 
writerf for the occurrence in the Keene Talley, where iron-ore- 
bodies were apparently formed in crystalline limestone by the 
contact-efiects. 

Finally, as stated in the introductory remarks under this 
topic of origin, the writer advances this conception of an origin 
by contact-metamorphism not as a demonstrated thesis, but as 
one of strong probability and as deserwng attention, and the 
hope is entertained that discussion of the matter may crowd 
the obscurity still further back. 

The Mineralogy of the Mines. 

The association of minerals is much the same in all the 
mines. The greater part of the species come from the coarsely 
crystalline pegmatitie aggregates, as the ores themselves supply 
few. Many other interesting minerals occur in quarries for 
limestone or other materials in the same region, although not 
cited here. Eeferences are made to them in the papers cited 
in the bibliography, especially those by H. Kies and by the 
writer. There is a local collection from the Mineville mines in 
the ofl&ce of Witherbee, Sherman & Co., and one from the entire 
neighborhood, made by Mr. Lewis, of Moriah, is in the Sher- 
man Academy at Moriah Center. Mr. W. H. Benedict, now of 
Elmira, but formerly principal of the Port Henry high-school, 
has collected and observed extensively in the region. 

Albite . — In the coarse pegmatite of Mine 21, which affords 
the zircons later described, one of the chief components is a 
beautifully striated plagioclase of greenish hue. Masses with 
cleavage faces of two or three square inches may be obtained. 

C. H. Smyth, Jr., ‘‘The G-enetic Eelations of Certain Minerals of Northern 
New York,” Tmns. K F. Acad. Science, voL sv., p. 250, lb96. 

t J. F. Kemp, “Crystalline Limestones, Ophicalcites and Associated Schists of 
the Eastern Adirondacks,” Balktin OeoL Soc. of America, vi., 259. 
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The extinctions with crossed nicols on the basal cleavage are 
very small, ranging from parallelism to three degrees or over, 
and on the braclij^-pinaeoid, reaching fifteen. The specific 
gravity of a piece weighing 51.73 grammes was determined by 
Prof. Villiam Hallock, at 14.5° C., to be 2.6182. This is be- 
low the average of albite (2.62), although oligoclase may in ex- 
ceptional eases even reach to less values. The feldspar is 
therefore regarded as albite, doubtless containing oligoclase 
lamebiB. The general appearance is more like the latter than 
the former. 

Allaivte is the most remarkable of the minerals, viewed from 
the purely mineralogical or crystallographic standpoint. Itself 
a rather rare mineral and quite seldom seen in good crystals, it 
is found at Cook shaft in great abundance, of extraordinary size 
and in instances of great crystallographic perfection. The allan- 
ite was first announced from this locality in the American 
Joimuil of Science, September, 1858, p. 245, by W. P. Blake, who 
noted the huge crystals in the Sanford bed, the one that is now 
called Old Bed. Crystals, 8 or 10 inches long, 6 or 8 inches 
broad and J inch thick, are cited. These workings long since 
became inaccessible, although small allanites can still be found 
in the pit of Old Bed on the north side. Prof. James Hall se- 
cured one of the large ones in the early days, and in the Ameri- 
can Journal of Science, for June, 1884, p. 479, it will be found 
described and figured by B. S. Dana. 

At Cook shaft the huge crystals were found in great abund- 
ance on the dump, and some fine specimens were brought home 
in 1894 and placed in the collections of Columbia University. 

Smaller and more perfect crystals have been studied by Dr. 
Heinrich Eies, of the mineralogical department of Columbia, 
at my request, and to his kindness the following identifications 
are due : The crystals are nearly all flattened parallel to oo P 6o , 
which is the most prominent face. The others found are as fol- 
lows, making fourteen in all; OP, oo P do, — P oo, + P 
— |P 00 , + iP 00 , 2P P do, o^P2, _ P, + P, 2P. Dr. Eies 
intends to describe these crystals more at length. 

The allanites occur in a gangue of quartz and ortho clase, 
and with them are rosettes of green needles supposed to be 
actinolite. 

Amifliiholes . — ^Dark green or black hornblende is especially 
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common in the coarse pegmatitie aggregates associated with 
the ores on Barton Hill. "Where it abuts against quartz it oc- 
casionally develops the faces of the unit prism, but is as a rule 
only to be obtained in cleavage-pieces, which, however, are of 
great perfection. Actinolite is met as a microscopic mineral in 
the dense green rock described above among the minor rocks 
from the Lover's Pit. 

Ajoatite is in enormous quantity in irregular grains, seldom 
over ^ of an inch in diameter, disseminated through the so-called 
red ore. The red color of this apatite is due to infiltrated hema- 
tite, as in thin sections it is colorless except along cracks. In the 
pegmatitie aggregates of Barton Hill it forms green hexagonal 
prisms up to J an inch in diameter, and at the O^Heill shaft it 
was noted double this size. On Barton Hill it has been observed 
as an inclusion in titanite, and was evidently one of the earliest 
of the minerals of the pegmatites to form. The angles of the 
crystals are more or less rounded, and have the familiar dis- 
solved or fused appearance. 

Arsenopurite occurs rarely in the coarse pegmatite of the 
lower workings of Mine 21. It is associated with quartz, or- 
thoclase, albite and zircons. Although it occurs, as a rule, in thin 
seams along cracks and cleavage planes, one specimen was found 
by the writer, 15 mm. long, 4 mm. broad, and 3 mm. thick. 
Only one crystal face was developed. 

Biotiie is met in the coarse hornblendic aggregates on Barton 
Hill not infrequently. It is black and seldom in regular crys- 
tals. In the pegmatite that yields the zircons in Mine 21 it 
displays the long, narrow crystals peculiar to pegmatites. As 
a rock-making mineral it favors the rarer and exceptiotial 
gneisses that occur wdth the Barton Hill ores. 

Calcite forms crusts of low rhombohedrons, which are — J B. 
The Miller Pit has furnished the best, but they are rare and are 
products of late secondary alteration. 

Feldspars . — The chief feldspars present are orthoclase and 
albite (oligoclase). The orthoclase is met in the pegmatites in 
large irregular masses, of faint pink. Ho crystal faces have 
been observed. Microcline has been noted in the Orchard 
gneiss, and it is possible that it is also present in the pegmatites. 
The albite is in large cleavage masses often showing beautifully 
striated faces. Its specific gravity as carefully determined for 
the writer by Prof. William Hallock, is 2.6182. 
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Flaorlte^ of massive character and not displaying other than 
cleavage-faces, occurs in some abundance in the Lover s Pit. 
Some years ago very pretty green and pink specimens were 
obtained by the writer in masses of the peculiar green rock de- 
scribed on an earlier page as formed of quartz and actinolite 
needles. The commoner white variety is thickly charged with 
magnetite crystals. 

Garnet occurs in the ISTorth and South Pits on Barton Hill in 
excellent rhombic dodecahedra, which are at times distorted so 
as to be greatly flattened. The tetragonal trisoctahedron 202 
fails of development. On Belfry Hill garnets occur in the 
gneisses up to 4 or 5 inches in diameter but of rough outline. 

Hematite^ pseudomorphic after magnetite, occurs in the peg- 
matite of the 21 ’’ pit. It gives the characteristic red streak 
but breaks up parallel with the faces of the octahedron. It is 
practically martite. 

Hornblende, — See Amphiboles. 

HyperstJme occurs as a rock-making mineral in the massive 
gabbro. 

Jasper has been afforded by a little vein in the Miller Pit. 
It was in small quantity. 

Lanthanite was found before 1858 by *W. P. Blake in associa- 
tion with the large allanites earlier mentioned. It formed 
small crystalline plates, and probably resulted from the altera- 
tion of the allanite. {American Journal of Science^ Sept., 1858, 
245.) 

Magnetite is of mineralogical interest chiefly because of the 
occurrence of remarkably large and peiffect combinations of the 
octahedron and rhombic dodecahedron in the Lover’s Pit in a 
chamber now worked out, which furnished the phenomenally 
rich ore referred to on an earlier page."^ The crystals were 
buried in granular magnetite, from which they ‘were easily 
broken out. They apparently showed other crystal faces ; but 
the attempts of the writer to identify these led to the inference 
that they had been caused by the interference of ‘neighboring 

* John Birkinbine, “Crystalline Magnetite in tlie Port Henry, New York, 
Mines’’ Tram., xviii., 747. The paper contains mineralogical notes by Prof. 
George A. Koenig. 

J. F. Kemp, “Gestreifte Magnetitkrystalle aus Mineville, Lake Champlain 
Gebiet, Staat New York,” Zeitschrift fur Krystallographie, xix., 183. “Notes on 
the Minerals occurring near Port Henry, N. Y.,” Amer. Jour. Sci., July, 1890, 62. 
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faces, for extraordinarv and improbable indices resulted from 
the calculations. Curious striations also traverse their faces, 
most of which follow the octahedral parting but others run par- 
allel to still other faces. 

Magnetite is identifiilly found in the pegmatites, in which it 
exhibits, when at all regular, the familiar outlines of the rhom- 
bic dodecahedron, built up of layers parallel to the octahedron. 
As noted under hematite, pseudomorphs of hematite, after 
magnetite, but retaining the cleavage of the latter, are met in 
the pegmatites. Brilliant plates of magnetite, with mirror-like 
faces, were found at Fisher Hill by E. B. Durham some years 
ago and given to the writer. 

In the otfice of "Witherbee, Sherman & Co., is a re- 
markably perfect crystal of magnetite, possessing the sym- 
metry of a model, and a full inch or more in diameter. 
It is worthy the inspection of all visitors with miner alogieal 
tastes. 

Microcline . — See under Feldspars. 

Molybdenite has been found at the Xew Bed mines, associ- 
ated ^vith pyrrhotite. It forms the usual irregular scales, but 
is seldom met. 

Olivine is rarely met in the massive gabbro. 

Pyrite is a rarity, and is only met in some secondary veinlets. 
The almost total absence of sulphur in the mines is one of their 
striking characteristics. 

Pyroxene . — Black augite occurs in the pegmatitic aggre- 
gates of the Barton Hill group and exhibits the usual eight- 
sided cross-sections in the prism zone. Terminal faces have 
not been met. As a rock-making mineral it is widespread in 
the gabbro and the Barton gneiss. Beautiful pyroxenes have 
been found by the wHter on the Cheever dumps. They are 
described with an analysis and figured by H. Ries in his paper 
on ^^The Monoclinic Pyroxenes of Hew York State.^’ {Annals 
N. Y. Acad. Sci., ix., 151 and Plate XIV., Fig. 8, 1896.) They 
were bounded by the two vertical pinacoids, the prism and the 
unit pyramid. 

Pyrrhotite in small amount has been found in Hew Bed, asso- 
ciated with molybdenite. 

Quartz is occasionally met in fairly good prisms and rhombo- 
hedra of the smoky variety. Corroded bipyramidal crystals 
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occur in the Barton Hill pegmatites. Large masses contribute 
to the pegmatites in all the mines. 

ScapoUie , — See "Weriierite. 

Siderife is one of the minerals that helps to fill the small 
eross-veinlets in the Miller Pit. In the specimen gathered it 
formed a crust under calcite. 

Tiianite is found both in perfect crystals and in cleavage 
fragments in the hornblendic masses of the Barton Hill mines. 
Two types of crystals are met. In the quartz and feldspar 
pegmatites that are found on the dump of the Lover’s Pit, 
light brown, doubly terminated crystals sometimes occur, of 
great perfection and beauty. 

'Wernerite occurs in the pegmatites of the Lover’s Pit, where 
it was found several years ago by A. S. Eakle, to whom the 

Fig. If. P«s- 


Zircon from Mine 21. Zircon from Barton Hill Mine. 

writer is indebted for a specimen. The usual combination of 
00 P, CO P oo and P formed the crystals. 

Zircon occurs in two varieties. The coarse pegmatites of the 
Mine 21 have yielded the last year exceptionally fine crystals, 
of a dark brown color and up to an inch in length. They ex- 
hibit CO P, 3P, and P as chief faces, while oo P oo often appears 
as one face (Pig. 11). They have in instances undergone altera- 
tion to a greenish outside crust, much more brittle than the 
fresh mineral. In the hornblende of the Barton Hill mines 
small transparent pink zircons are met, at times doubly termi- 
nated, and bounded by oo P, oo P oo, 3P3 and P, as is shown by 
the accompanying figure (Fig. 12). The determinations of the 
last named faces w^ere made and the figure was drawn by the 
writer’s friend, Prof. C. H. Smyth, Jr., of Hamilton College, 
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The quartz around the zircons in often filled with cracks 
radiating out from the zircon crystal itself. These were proha- 
hly caused by the pressure through which the rocks have 
passed in their history, the harder zircon being able to fissure 
the more brittle quartz. 
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J. E. Kemp. — ^Xotes on the Minerals Occurring Hear Port 
Henry, X. Y. Amer. Jour, of Science, July, 1890, 62. 

Gestreifte Magnetitkrystalle aus Mineville, Lake Cham- 
plain Gebiet, Staat Xeiv York. Zeitschrift filr Krystallographie, 
xix., 183. 

Geology of Moriah and Westport Townships, Essex 

County, N. Y., with a geological map, a map of the mines, four 
plates, four figures. Eidl. N. Y. State Museum, iii., 825—355, 
SeiDt, 1895. Describes the local geology and mines. 

Preliminary Report on the Geology of Essex County. 

Report of New York State Gfeologist for 1893, 433—472. Does 
not touch specially on Moriah township, but gives a review and 
bibliography of the geology of the eastern Adirondacks. 

Gabbros on the Western Shore of Lake Champlain. 

Rail. Geol. Soc. America, v., 213. Refers to local gabbros. 

Crystalline Limestones, Ophicalcites and Associated 

Schists of the eastern Adirondacks. Idem, vi., 241. Gives 
details of local geology. 
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J. F. Kemp and V. F. Maesters. — T rap Dikes of the Lake 
Champlain Legion. BalleVui 107, U. S. Geol. Sunr^. Gives 
some details of local trap-dikes. 

J. P. Lesley. — T he Iron 'Manufacturer’s Guide, Xew York, 
1866, p. 388. Gives brief details of the mines. 

G. W. ^Iay XARB. — The Iron Ores of Lake Chamjjlain. 
Biitish Irijti and Steel Instiiuie^ 1874, Xo. 1, p. 109. 

G. P. Merrill. — On the Serpentinous Eocks of Essex 
County, X. T., Proc. L\ /SI Kaiional Jlicsew/i^ xii., 595, 1890. 
Eefers to the local serpentiiious marbles. 

F. L. Xason. — Xotes on Some of the Iron-Bearing Eoeks oi 
the Adirondack Mountains, xlmer. Greologisi, xii,, 25, 1893. 

E. PuMPELLY discusses shape of Miller Pit, from Putnam’s 
Xotes, Tenth Census, xv., p. 7. 

B. T. Putnam. — Xotes on the Samples of Iron Ore Collected 
in XewTork, Tenth Cmsus, xt., 89. Contains excellent details 
of the mines. 

Heinrich Ries, — T he Monoclinic Pyroxenes of Xe\y York 
State. Amials of the lY. Y. Acadenvj of Sciences, ix., 124-180, 
and four plates. Gives many details of local mineralogy. 

H. P. Smith. — History of Essex County, Syracuse, 1885. 
The data regarding the mines are chiefly taken from Watso7i\9 
Historg, which see. 

J. C. Smock. — A Review of the Iron Mining Industry of 
Xew York for the Past Decade. Trans, Amer, Institute of Min, 
Eng,, xvii., 745, 1889. Statistical paper. See also Idem, xviii., 
748. 

E<^port on the Iron Mines of Xew Yoi’k. Bulletin VIZ, 

N, Y, State Iluseiim, 1889. 

C. E. Yan Hise. — C orrelation Papers — x^rchean and Algon- 
kian. Bull, 86, U. S, Geol. Sicrv., 898. Refers to local geology. 

YTinslow C. YAtson. — H istory of Essex County, Albany, 
1869. Gives a good historical sketch of the development of 
the mines. 
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Notes On the Northern Black Hills of South Dakota. 

BY PERSIFOR FRAZER, PHILADELPHIA. 

(Chicago fleeting, February, 1897.) 


General Geology of the Northern Black Hills. 

The Black Hills of Dakota/’ to the northern part of wliich 
the following observations apply, occupy a position on either 
side of the boundary between Wyoming and South Dakota, 
approximately between 103^ 15' and 104^^ 48' of 'west longi- 
tude and 43° 15' to 43° 50' of north latitude. The area is 
roughly 4160 square miles.* (See Plate I.) 

As has been pointed out by Profs. H. 0. Hofman, F. R. 
Carpenter and others, and illustrated by Mr. Newton in the 
publications of the United States Geological Surrey, these hills 
are made up of a large number of the known formations from 
the Areliean to the Tertiary, which latter constitutes the bor- 
der of the region. The mining operations are largely confined 
to the interior of this area, and the centers from which they are 
conducted (Deadwood, Lead City, Galena, etc.) are situated 
near the line of junction of the Archean schists and quartzite, 
supposed to I’epresent the Potsdam Sandstone of the N. Y. 
series, or the lowest of the Paleozoic measures. 

The Archean or pre-Paleozoic rocks consist mainly of a 
mica-schist in which hornblende and garnet are frequently 


* There are many of my fellow-members to whom the aspect of the Black Hills 
and the adjacent Bad Lands is familiar— in the more genial months of late 
spring, summer, and early fall ; but to these, even, the conditions surrounding 
this lately re-exploited country in the middle of winter are unknown. Very 
lately it became necessary for me to undertake a visit of exploration to the Bead- 
wood district while the thermometer was registering — 42° Fahrenheit, and the 
high winds prevailing in early December of lo96 were creating havoc with those 
settlers who were imprudent enough to brave the elements without sufficient pro- 
tection, or who had not adequately housed their stock, 

By singular good luck the blizzard and I cros^ed each other en route, and I found 
in Northern South Dakota one of the most delightful winter-temperatures I have 
ever- known, 
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found, but whicli varies in texture and eoiYipofeition so as to re- 
sernlile not infrequently tlie hydro-mica scdiists or nacrites 
of the late Dr. T. Sterry Hunt, and again to assume the appear- 
ance, and in part the constitution, of heavy bedded gneiss. 
These schists are upturned at high, often vertical angles, while 
over them unconformably, and dipping gently towards the 
horizon is the quartzite in its various forms ; sometimes appar- 
ently undisturbed, and at others broken or brecciated,’’ as it 
is often called (/.c., shattered into angular fragments and re- 
cemented without very great displacement of the parts) by the 
numerous porphyry dikes which intersect all the exposed 
measures from the lowest to the highest, and form a part of 
the elevations or hills of the region. These latter are without 
question eruptive, and bear evidence of having been ejected 
during at least two and probably several different epochs, for I 
have observed porphyry in places intersecting older masses of 
similar porphyry, which, in their turn, have produced earlier 
disturbances in the strata. 

Professor Carpenter’s paper contains a geological section 
taken from the equally admirable and earlier contribution of 
Walter B. Devereux, on The Occurrence of Gold in the 
Potsdam Formation, Black Hills, Dakota” (^Trans.^ x., 465). 

The first systematic study of this region was made by Dr. 
F. V. Hayden, in 1870, and resulted in the geological definition 
of the large divisions of the Hills much as they are accepted 
to-day. 

Since then the Government has had the very full report on 
the geology and resources of the Black Hills by Henry Hewton 
and "W. P. Jenney, 1875 (Report published in 1880). Still 
later Devereux, Blake, Headden, Hofman, Carpenter, Rickard, 
Farrish, Dr. McGillicuddy and others have published valuable 
contributions to our knowledge of the geology, mineral re- 
sources and chemical character of the ores of the Black Hills, 
which will be referred to more specifically in their proper 
places. Plate L, on the following page, is a reproduction in 
black and white of the geological map published with the ad- 
mirable paper of Prof. F. R. Carpenter {Trans,, xvii., 598) on 

The Ore-Deposits of the Black Hills of Dakota.” 

The district which is my present subject, lies in that part of 
the northern Black Hills immediately around Galena and three 
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miles west and three miles southwest of that camp, which is 
some six miles southeast of Deadwood in an aii'-line. 


Plate T. 



Geolpglcal Map of the 

BLACK HILLS OF DAKOTA 

After the Map of Henry ITewton, E.M. 
By Franklin R. Carpenter, Ph.D. 
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According to tlie topographical sheet of the United States 
Geological Sui’vey (Deadwood, S. B., Ed. of Feb., 1894), the 
town of Galena lies on the 4800-foot contour-curve above tide. 
The hills along Bear Butte creek rise to 5200 and 5800 feet, 
making their summits 400 to 500 feet above the creek. To 
the northwest, or between Galena and Beadwood, and to the 
southwest, near the intersection of Bear Butte and Strawberry 
gulches, the extreme summits reach 5500 feet. 

The numerous gulches follow many directions; but those 
which jDredominate are approximately northeast-southwest and 
northwest-southeast. The valleys are generally deep and the 
hillsides steep, indicating a considerable erosive action of the 
streams on the sides, and accounting for the numerous placer- 
deposits found in their beds. 

The geology of the region, if not simple, is at least not com- 
plicated by a large number of formations. 

The mica-schists, thought to be upper members of the 
Archean, are found at the lo^vest levels along the streams and 
higher up on the hills, as at the Cora mine, striking northeast- 
southwest, and dipping at angles from to 85®. 

These schists are generally micaceous and coarse-grained and 
usually rather reddish fi-om the dissemination among them of 
iron oxides ; but they vary greatly, sometimes passing into the 
type known as nacrite or hydro-mica schist (which here also 
has been frequently but incorrectly taken for talc schist) and 
sometimes, though more rarely, assuming a heavy bedded 
character reminding one of gneiss. 

They are most frequently crumpled and conchoidal both in 
small and in large bed planes. 

Explorers , — ^Hayden reported the Black Hills of Bakota as 
one of the plainest and most interesting exhibits of the series 
from the granite upwards, of all localities known in the West* 

Hewton and Jenney issued a most instructive volume, f and 
one wUich has served as a mine for all future observers. The 
map accompanying this work is that generally used for all pur- 
poses of geological illustration of the region to-day. 

* Meek and Hayden : Some Kemarks on the Geology of the Black Hills and 
Portions of the Surrounding Country/’ Proc, Acad. Bat ScL, Philu.j voL x., pp. 
41-49, 18"^9. 

i t “Keport on the Geology and Kesources of the Black Hills of Dakota,” 
U, S, Geol Survey, 1880. 
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'Walter B. Bevereux* thought that the oldest \usible forma- 
tions near Beaclwood ivei’e paleozoic schists 

Besting unconformably upon them was a sedimentary forma- 
tion composed of debris derived from them, t.e., the Potsdam. 
The lowe.'t is a conglomerate. The mines in the lower part of 
the r^Liartzite are called cement-mines. The deposits were found 
on the east side of the Homestake vein. Only one deposit was 
worked on the western side. 

The ma^s of the conglomerates was a mixture of quartz 
boulders, pebbles and schist, ivith pebbles of hematite ; gold 
was present as a mechanical, and in the cement-beds as a 
chemical, constituent. In general only 5 or 6 feet of rock will 
pay for mining or milling. Cutting through a dike, he found 
that gold was seldom present in close proximity to the por- 
phyry. Cold plates are found along the interior plane of the 
“ talc ” C') schist. The schists underlpng this deposit were 
found to contain gold for about 10 feet. The ores of Bald 
mountain seem to be impregnations. 

1. The metallic constituents were segregated along certain 
horizontal strata. 2. There was concentration along certain ver- 
tical planes which were contacts of quartzite with porphyry 
dikes. The dikes themselves were found to be lines of mineral 
segregation below the contact of quartzite and of the schist. 
Devereiix inclined to the belief that the gold came partly from 
below and partly from the concentrated sediments above. 

In one place the sedimentary stratum gave $20 per ton in 
gold, though so fine that no gold could be panned. 

.A.rgentiferous lead-ores have been mined from the quartzite. 
These mineralizations probably are of the age of the porphyry. 

Pr. Headdenf thought that the strike of the granites was the 
same as the schists with which they are interstratified. The 
granites further north are more varied. It is a question 
whether they are continuous undeground. On the eastern 
margin of the schists occur lenses, some large and some small, 
with their longer axes parallel. Many of the granites are in- 
trusive. There is no porphyry in the southern section of the 
Hills. 

* Op eit, Trails., x., 465, Feb., 1882. 

-j- Notes upon the History of the Discovery and Occurrence of tlie Tin-ore in 
the Black Hills,” by Dr. W. P. Headden, Proc. Colo, Sc. Soc>, vol. iii., pt. 3, p. 347. 
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Tlie Cambrian is uiicouformable on the schists, part of which 
form its basal conglomerate* 

Prof Hofman''^' says that the gold is found in quartzite and 
pyrite finely divided through mica- and amphibole-sehists, and 
impregnates the schists. Its associated minerals are pyrite, 
with some arsenopyrite, chalcopyrite, garnet, and asbestos. 
The ores from the upper cuts and levels are more free-milling 
hail those below the water-line. The assay-value of pure eon- 
leiitrates is $4 to 890 per ton;* the average perhaps §25 per 
ton. The porphjTy forms barren horses. 

From the valuable contribution to this subject made by Prof. 
Carpenterf I have compiled the following summary : 


The Cambrian is represented only by the Potsdam and rests imconforraably on 
the Archean schists. Ko Silurian or Devonian is found, and the Potsdam and 
Carboniferous are conformable. The great deposits are of Archean age and yield 
mainly auriferous pyrite. There are sometimes lenticular and seemingly inde- 
pendent masses of the slate and schist series sharing the folds and contortions and 
having a columnar cleavage coincident with the bedding. The porphyry flowed 
over the Potsdam east of Deadwood and under that in the Homestake to the west, 
lifting it like a laccolite. The gold was deposited by chemical action after having 
been segregated. 

The smaller the particles the finer the gold (Devereusb 

Assays of Homestake porphyry show that it contains no gold. The whole 
thickness of the beds in which these ore-bodies occur is about 2000 feet. 

The ore-bearing rocks are co-extensive with the igneous rocks. 

The Potsdam ores occur at different levels, especially in the upper parts of the 
lower quartzite. Bluish quartzite contains very finely divided pyrite in a silice- 
ous paste, which unites the rounded grains of silica. The solutions which brought 
this material to fill the spaces between the grains brought also the silver and gold. 
At Galena the proportion of gold is greater in the lower contact, while silver pre- 
dominates in the upper, which are the more calcareous parts of the Potsdam, In 
the limestone the deposits carry lead and silver; hut the porphyry is the same. 
The solutions followed certain bed-planes which are on the quartzite and in the 
lime-shales of the Potsdam. The connection between the overlying porphyry and 
the ore is intimate. Where one is wanting, so also is the other. The crystalline 
schists below have nearly always shown gold. Perhaps the porphyry only in- 
duced hot waters which dissolved and redistributed it. The slates below the Pots- 
dam at Galena show galenite also (in the Oro Fino mine). Blende, galenite and 
pyrite occur in the porphyry. 

At Galena there are three distinct ‘‘contacts” or levels of ore, always on 
quartzite, on which it is found replacing parts of the thin lime shales, and over 
it, though not always in contact, is porphyry. 

Ko ore-bodies have been found to pass from the porphyry into the Archean. 


* “Gold-Milling in the Black Hills,” by H. 0. Hofman, Trans,, xvii., 498, 
Feb., 1889. 

t Op, dt,, Trans., xvii, 570, Feb., 1889. 
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The outcrop of the Galena deposits is almost alwa 3 's lead and iron carbonates car- 
rvdng silver. The depth at which these become sulphides varies with the po- 
sition of the deposit ; in the lower eontactj quicklv" ; in upper contacts, they con- 
tinue to greater depth. 

The ^S’eins of granite’’ of Kevvton, Jenney, Blake, and Vincent are segre- 
gated parallel to the apparent bedding. They are lens-shaped and succeed each 
other in strike, and p>robably also in dip. They are tabular inform (?). V hen tin 
is present, one of the constituents of the granite is wanting, and the rock becomes 
quartz and mica, or quartz, feldspar and mica. 

The quartzite ^\hich is the main locus of the ores lies unconformably upon these 
schists, not deviatinst more than 20°, but usually presenting the appearance of be- 
ing in general nearly horizontal This quartzite is sometimes banded, and so 
compact as searceh^ to differ from a quartz-vein aspect ; but usually it is of com- 
paratively uniform light color, interspersed here and there with small crystals of 
p\Titeand arsenopjTite, and, in the region under discussion, much broken from 
the intrusion of numerous dikes of porphyr^r. 

Galena, zincblende, ar&enopyrite and other accessory minerals are found on the 
fracture-planes of the quartzite, and to a certain extent within its mass near to 
these planes. There are three levels of the quartzite rock in what has been taken 
for the Potsdam formation, and there is evidence of quartzite horizons. 

In general it maybe said that the alteration of the original sandstone to quartz- 
ite is more complete in the lower than in the higher horizons, and that the high- 
est of these siliceous members of the Potsdam is capped by a senes of shales or 
“ lime-shales.” 

The topography of the G-alena region has already been stated 
in general terms. (See Plate IL) It consists of a network of nar- 
row and deep gulches separated by steep Mils whose shoulders 
are about 300 feet, and whose crests are 500 feet above water- 
level. It is more than probable that the directions of these 
narrow valleys in many instances indicate the directions of por- 
phyry outflows between the broken quartzite and shale, since 
the decomposed porphyry is the most easily eroded of all the 
rocks in the region, and would ofier the least resistance to the 
wearing action of running water. Still, other causes were 
potent in modeling the hills as we now see them, among 
which a very important one must have been the agency of 
moting ice. However this may be, the steep portions of the 
hills up to the shoulders just spoken of are largely composed of 
quartzite. The summits, in those localities where the por- 
phyry has overflowed, show by their gentle slopes the charac- 
teristic moulding of wmathered porphyry ; but in other localities 
a different contour is noticeable, characteristic of the almost 
equally soft lime shales.^' It is important to keep in mind this 
general distribution of the porphyry, and especially so when 
considering the Union Hill mining properties (See Plate III.), 
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because tlie Hill is largely composed of porphyry^ aii«b from 
the state of the gold which it containSj eoustitiites a valuable 
ore. The earlier geologists who examined the Black Hills were 

Plate II. 
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of the opinion that this rock was barren of valuable metals. 
Thus Devereux reported that about 5 or 6 feet of the quartzite 
would pay for mining and milling, and that “ gold was seldom 
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present in close proximity to the porphyry.’’ He thought that 
the planes of contact, fracture and bedding were enriched, and 
that 10 feet or so of the schists below the quartzite (the schists 
underlying the Potsdam) contained gold. The Bald mountain 

Plate III. 

GALENA DISTRICT, 



deposit he regarded as an impregnation. Carpenter believed 
that the Homestake porphyry contained no gold, but that the 
thickness of the beds in which ore-bodies occur was 2000 
feet, and that the ore-hearing rocks were co-extensive with the 
igneous rocks. He was of the opinion also that the solutions 
which brought the finely-divided pyrites to fill the spaces be- 
tween the grains, brought silver and gold; that the connection 
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with the porphyry was intimate in the Galena region ; but that, 
perhaps, the porphyry only induced the hot waters which dis- 
solved and redistributed the gold. 

Blende, galenite and pyrite, he says, occur also in the por- 
phyry, bat no ore-bodies hace been found to pass from the porplnjr}/ 
into the Archean. 

Prof. Hofmaii mentions the quartzite and schists as carriers 
of gold, but describes the porphyry as forming barren 
horses.’’ 

jSTevertheless, subsequent tests of at least a part of the por- 
phyry outflows show’ that, to some extent, free-milling gold is 
carried in this rock, and on account of its enormous extent and 
the ease and economy with wiiich it can be mined, it is im- 
portant to determine its richer zones. To this end a number 
of openings have been made on the surface of XJnion Hill. A 
shaft nearly 300 feet deep to the bottom of the sump has been 
sunk, and a tunnel of 359 feet H.TT. from mouth to heading has 
been run, with a cross-cut 123 feet E. of X., begun from a point 
227 feet from the mouth of the main tunnel. 

Starting at a cabin stable on Straw’berry creek, near Mr. Fa- 
gan’s house, I ascended the hill in an easterly direction, taking 
carefully-averaged samples from a pit at the base of the hill. 
The material is a weathered porphyry and the pit about 10 feet 
deep (nearly filled with snow^ at the time of my visit). Between 
this pit and the open cut, about 150 feet X.E. and considerably 
higher, nothing was observed on the surface but porphyry in 
various stages of decomposition. The rock in w^Mch it is exca- 
vated is also a rotten porphyry, of which large masses are ex- 
posed. In this cut a small natural bridge of rock has been left 
standing. 

About 50 feet west of this cut is another, also in decayed 
porphyry, in which the principal cleavage-f)lanes dip more or 
less westerly. Both the last-mentioned openings are near the 
shaft-house at the top of the hill. 

The shaft-house covers a shaft 280 feet deep, with a sump of 
about 20 feet below the second level. At the time of my visit 
the lower level was inaccessible, and I visited only the first, or 
140-foot, level, from which two drifts had been started, one ex- 
tending 30 feet S.E. and the other 40 feet N.W. of the shaft. 

At the breast of the S.E. drift a horse ” of barren quartzitic 
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rock’’ had come in at the roof, iiicliiiiiig E. about 45®, and ap- 
parently of lenticular shape. 

The porphyry in the N.W. drift is remarkable for being very 
full of disseminated pyrite. It is said to be the only instance 
of the kind thus far found in the Union Hill shaft. 

In a cut near the shaft-house a loose mass of quartzite was 
observed, lying in porphyry. 

lienendug the examination of the surface of the hill from the 
top of the shaft, I visited a cut in white porphyry about 700 feet 
east by south of the latter and obtained samples for analysis. 
An experimental shaft in porphyry, about 200 feet S. 10® E. of 
the last and 180 feet lower, also furnished samples which were 
analyzed. A winding open cut in rock, similar to that which 
has been above described, about 50 feet long, about 250 feet 
south of the last point, and said to be about 50 feet above the 
floor of the main Hoodoo tunnel, was examined and sampled. 
Finally, a short tunnel in rotten porphyry, with apparently 
horizontal cleavage-planes, about 150 feet W. 20® H. of the 
mouth of the main Hoodoo tunnel, yielded its quota to the ma- 
terial collected for investigation. 

About 150 feet E. 20® S. from this cut is the mouth of the 
Hoodoo tunnel proper. The opening of this tunnel is in por- 
phyry like that of the other openings described, but with planes 
of cleavage (thought by some to correspond to the stratification 
of the disturbed quartzite), dipping S.E. 20®, These planes are 
also noticeable in the upiper and shorter tunnel. 

This rotten porphyry extends inward for about 60 feet, 
where it is replaced by a broken quartzite mixed with frag- 
ments of slaty material. This character is maintained for an- 
other 64 feet (or to a point 124 feet from the mouth) where a 
heavy-bedded flaggy slate is met on the hanging-wall, dip- 
ping 40® — S. 35® W. Ho porphyry, however, is visible. On 
the foot-wall is the brecciated slate, with fragments of 
quartz, some of it banded. Between this and the spot just re- 
ferred to were two places some 50 feet apart, where brecciated 
slates and quartz formed the principal part of the rock. At 
the heading of the Hoodoo tunnel, 859 feet from the mouth, 
occurs a fragmental quartzite following more or less the plane 
of bedding of the slates. According to report, the quartzite 
mass here is about 40 feet below the lower surface of the por- 
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pliyry oiitflovr. This under surface must, therefore, cut the 
tunnel at 60 feet from its mouth, and its slope would he 1 foot 
in 7 or 8 to the south. 

The upper Hoodoo tunnel is about 15 feet higher in level 
than the main tunnel, and is all in porphwy. If this be the 
main body of porpliyry and possess an even under-surface, it 
would make the slope more nearly 1 in 2, and imply a dip of 
30^ from the mouth of this tunnel to the intersection of the 
porphyry and the main tunnel. 

In the cross-cut from its junction with the main drift for 63 
feet, the rock is fragmental quartzite interspersed with schists 
and shales ; but at this point the porphyry appears and con- 
tinues to the heading. 

Assuming the floor of the upper tunnel to be fifteen feet 
higher than that of the main tunnel and the distance 150 feet 
to the intersection of the porphyry and the cross-cut, the fall of 
the latter would be 1 in 10, corresponding to an angle of about 
6®. If these two bodies of porphyry are connected, as is 
practically certain, the facts would indicate that the strike of 
this sheet of porphyry is 27. TT. and S.E., and that the hill west 
of Strawberry creek and the Union Hill proper are on the same 
porphyry dike. 

This hill is distant from the shaft-mouth about a quarter of a 
mile, on the west side of Strawberry gulch. The surface of the 
hill shows the same decomposed porphyry as Union Hill, above 
described, and the shallow openings, wherever made, bear out 
these indications ; but it is not certain how thick this cap of 
porphyry may be. On the summit of the hill and about a quarter 
of a mile in a direct line from the Union Hill shaft is a cut in de- 
composed porphyry 30 feet long, 17 feet deep and 2|- feet wide, 
in the bottom of which a nearly vertical vein widens to 2 feet 
from 8 inches at the surface. Small crystals of galenite are said 
to have been found in this vein. It is also reported that galenite 
has been taken from a dark ferruginous gangue. 

Hear by is a shaft. 126 feet deep. At the deepest point, an 
iron-ore is said to have been found, of which specimens were 
seen on the dump-iDile. On both sides of the shaft appears a 
vein, which, at the depth of 100 feet, is said to have been 5 feet 
wide. 

A very instructive and interesting phenomenon, of a dike of 
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porphyry cutting porphyry, was observed near the cut on top 
of this hill. It has a nearly vertical dip and a strike of H. 35 

■w. 

If this observation he correct, it proves that there were suc- 
cessive outflows of porphyry at difierent epochs, and it may 
well be that one of these (not improbably the later) was more 
barren of the precious metals than the original outflow. At 
least a difterence in age would confirm the hy^pothesis that there 
are difierent kinds of dikes in this region, some of them aurif- 
erous and some of them entirely barren. One of the latter is 
seen on top of the hill near the Cora mine, 8. W. of Galena. 

The assays of the specimens taken were as follows : 


No. 

Description. 

Dollars per Ton. 

Total 

Dollars 


Gold. 

Silver. 

per Ton . 

] 

Surface of Union Hill 

0.4134 


0.4134 

2 

U it 

0.8208 

0.096 

0.9228 

8 

(C li 

0.4184 

0.096 

0.5094 

4 

Average ore, experimental pit, 700 feet E 
by S. of U. H. shaft 

Traces. 

5 

Do., experimental pit S. of U. H. shaft... 
Do., deep cut, 165 teet N.W. of mouth of 
Hoodoo tunnel 



6 

11.57 

0 228 

11.7980 

7 

Do., deep cut 

3.7206 

0.480 

4.2006 

8 

Shaft, Union Hill, Horse,” first level, 
heading S.E. drift 

0.4134 

0.4134 

9 

10 

Do., first level, heading S.E. drift 

Do., first level, heading H.W. drift. 

0.4134 

0.4134 

0.096 

0.072 

0.5094 

0.4854 

11 

Upper Hoodoo tunnel 

0.4184 

0.070 

0.4834 

12 

IVIain Hoodoo tunnel 

3.5139 

0.192 

3.7059 




Total gold and silver in 12 tons of samples 



$23.41 





Average per ton 



$1.95 






Two samples collected by Mr. David Jones in the Hoodoo 
tunnel last October and assayed by difierent persons gave 
$43.70 and $4 per ton respectively. 

Messrs. Merrill and Sandt collected two samples of ore from 
Union Hill last September which gave $8.56 and $4.70 per ton, 
respectively, or a mean of $6.63. 

No sample of ore collected in the field can give as just a view 
of the real value of an ore-property as the results of a mill-run ; 
and I am therefore much indebted to the courtesy of Captain 
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Boyd and the officers of the company in permitting me to use 
the following data obtained from a mill-run undertaken last 
October. This mill-run, as he explains, was of Union Hill ore, 
but was made during unusually cold weather, which froze the 
water on the plates in spite of all precautions. Despite these 
unfavorable conditions, he obtained S117 in gold from 40 tons 
of ore, which gives a value of §2.92 per ton. (He estimates 
that the unfavorable conditions of the run resulted in a loss of 
nearly two-thirds of the gold or §5, which would make the 
value of the ore treated §8 per ton, exclusive of the value of the 
concentrates, which he thinks will represent 1 to 80 in the por- 
phjTy ore of Union Hill, and 1 to 5 in the ore of the Hoodoo 
tunnel.) 

The available quantity of the Union Hill ore depends upon 
the proportion which the porphyry of the hill bears to the 
country-rock above water-level. "Wliatwe know about the hill 
is that its outer shell is composed of porphyry, and a part of its 
inner nucleus of the quartzites and shales, through which the 
former has forced its way. Various views have been held in 
regard to the geological epoch and the manner in which these 
outflows took place. 

Numerous evidences of flow along the bedding and between 
the strata, as well as through rifts made by the upheaval of the 
measures, may be found in this part of the Black Hills. A 
similar rock in TTales has been thought by eminent geologists 
to be the result of volcanic outburst through several separated 
vents followed by a shower of ashes, which latter were later 
compacted into felsitic beds, which in course of consolidation 
become porphyritic. It is quite probable that there have been 
many such vents in this region, though several of them proba- 
bly united in the production of a single sheet of molten rock. 

Various observations tend to support the Hew that the por- 
phyry of Union Hill strikes H.W. and S.E., and may have been 
derived either from an outflow through a fracture in that direc- 
tion (since this does not correspond wdth the strike of the 
Archean schists) or from a series of vents, produced between 
the planes of the schist at different horizons, which united 
their outflows into one sheet. 

« The broken and fragmental character of the rock in parts of 
the Hoodoo main and branch tunnels would indicate the close 
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proximity of tbe cause of disturbance, even if the actual inter- 
section of both these drifts by porphyry were not observed. On 
the other hand, the continuance of porphyry (as I am reliably 
informed) throughout the 300 feet of the shaft, indicates either 
that the shaft has accidentally been located in a vent, or that the 
whole covering of porphyry is prodigiously thick. The former 
seems the more probable supposition, because, at a short dis- 
tance from the shaft, a large mass of C|uartzite may be seen 
embedded in the igneous rook, and apparently at a considera- 
ble distance from any quartzite in place, as if it had been car- 
ried bodily upward in the igneous flow. 

The specific gravity of an average specimen of the porphyry 
was found to be 2.755. A cubic foot of this rock would thus 
weigh 171.94 pounds, and a cubic yard about 2J tons. The 
distance on the ITnion Hill property from the line of Strawberry 
gulch and its small eastern branch to the mouth of the Hoodoo 
tunnel is about 2418 feet. Assuming a width of 1000 feet, 
which would include a large part of the company’s property, 
and 256 feet, as the surveyor’s estimate of the vertical depth 
of the mouth of the Hoodoo tunnel beloiv the shaft-house, we 
have 619,008,000 cubic feet. Taking half of this amount, or 
809,504,000 cubic feet, as the cubic contents of the hill, and 
half of these contents, or 154,752,000 cubic feet, as consisting 
of porphyry, there would then be 26,617,344,000 pounds, or 
13,308,672 tons of porphyry above water-level. Assuming the 
average value of |1.95 per ton which resulted from the assays 
of ore which I selected, this would represent $25,951,910. 
Assuming the value actually obtained by Captain Boyd’s mill- 
run of 40 tons (and without allowing for the loss which he 
believes to have taken place) or $2.92 per ton, the contents of 
the Union Hill would be valued at $38,861,322. 

I add a table, which, from a professional point of view, must 
be .regarded as a curiosity. It represents assays of twelve sam- 
ples of carefully averaged ore made by three assayers of high 
reputation. There is no doubt whatever that the material of 
each of these triplicate assays was in a metallurgical sense the 
same. 

For the purpose of getting a better insight into the true char- 
acter of these porphyries, several specimens collected at dififerent 
parts of Union Hill were subjected to examinations under the 
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C u' 

o/i mil c 



-S'. D. 




Go 

«D. 

SlL 

VEIi 









Mark. 

Assavers 





of Cold mid 



Ounces per 

\ a.ne. 

Ounces per 

Va!ne, CO 


! 


To:i of JJ 

per 

Toil of 2‘HHJ 

Cents per 




Pounds. 

Ounce. 

Pound*-. 

Ounce. 


. 

A. 

0.11.10 

.52.067 



52.067 

1 

B. 

0 300 

6.200 



6.100 


C. 

0.230 

4.734 

2.35 

81. 4t 

6.164 


A. 

0.03 

51.6536 



$1.65 

! ^ 

B. 

0.15 

3.10 



3.10 

1 

C. 

0.U3 

1.6536 

1.08 

50.64 

2.2936 


A. 

0.10 

52.067 



52.067 

3 

B. 

0.20 

4.130 



4.130 


C. 

0.13 

2.68 

0.89 

50.53 

3.21 


A. 

0.06 

51.2402 



51.24 

4 

B. 

0.25 

5.1700 



5.17 


C. 

0.14 

2.8900 

0.46 

50.276 

3.166 ! 


A. 

0.08 

51.6535 




$1.6536 

5 

B, 

0.125 

2.58 



2.58 


C. 

o.os 

1.6536 

0.90 

$0.54 

2.1936 1 

1 


A. 

0.06 

51.2402 



51.2^02 ' 

6 

B. 

0.125 ' 

2.58 



2.58 j 


a 

0.14 

2.89 

; 0.81 

50.486 1 

3.376 i 

1 

i 

A. ! 

0.04 i 

50.8268 



50.8268 1 

7 j 

B. i 

0.125 

2.58 ! 


j 

2.58 1 

1 

c. i 

0.04 

0.80 j 

! 

0.36 

! 50.216 j 

1.016 j 

1 

1 

1 

A. J 


1 



! 

8 i 

B. i 

0.125 

52.58 ' 



52.58 ! 


C. ; 

0.03 1 

0.6201 ; 

1 

0.31 

: 50.1860 

0.8061 

j 


] 

A. ^ 

0.02 ! 

10.4134 ! 



50.4134 1 

9 

B. i 

‘ 0.125 

2.58 



2,58 


P i 

! 

1 0.05 

1.035 i 

0.25 

50.150 

1.185 


A. i 





i 

30 

B. 

0.1 

5£66 

t 


52,06 


i c. 1 

O.OS 

1.65 

1 0.20 

10.12 

1.77 i 

1 

1 


A. 

0 04 

10.8268 



50.8268 j 

11 

B. 

0.075 

1.55 



1.55 ! 


a 

0.04 

0.8268 

0.40 

10.24 

1.0668 1 


A. 

0.040 

10.8268 



50.8268 

12 

B. 

0.200 

4.13 



4.13 


C. 

0.07 

1.4469 

0.87 

50.224 

1.670a t 
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TJr'ion HUl Ores, near Galena, S. D. — Continued. 



Gold. 

SiLVEE. 

Total Value , 
of Gold and I 
Silver. 1 

! 

Assayers. 

‘ Value, 1 
, S20.67 per 1 
Ounce. ! 

; 1 

Value, GO 
Cents per 
Ounce 

1 

* A. 

Average. B. 

; c. 

j 31.0676 

1 1.9033 I 

$0.4181 

$1.0676 

3.27 

2-3233 


microscope as coarse powder and as thin slides in polarized 
light. Three specimens of this coarse powder were also kindly 
examined by Dr. Edgar E. Smith of the IJniversity of Pennsyl- 
rauia, in his laboratory, for their percentage of alkalies and of 
silica. 


Microscopkal Examination of the Concentrates from the Porphyrij 

of Union Hill. 

It was an interesting question, in connection with this free- 
milling rock, in what state the gold occurred, whether free or 
attached to the pyrite or other minerals. The condition of the 
silver, which the assays proved to exist in eight or ten times 
larger quantity than the gold, was also very interesting. 

An experienced assayer reported the existence of “ concen- 
trates with the ajppearance of pyrites largely mixed with hard 
particles of hematite, which was probably derived from the de- 
composition of the pyrites. A few colors of gold wmre visible 
which have a good yellow color In all of the sam- 

ples the relation of gold and silver fluctuates with some regu- 
larity.” 

(L). — ^An examination of a quantity of concentrates under a 
magnification of about 100 diameters revealed gold in the free 
state and of a good yellow color (showing it unalloyed with 
silver), but in almost every case attached to a pyrite fragment. 

In several instances the association was as a lining to a little 
cavity, or in a crack of tlie pyrite, differing from it in color 
and luster and apparently uneontaminated by combination 
with any other substance. 

Of the other metallic minerals present in the concentrates, 
pyrite, hematite and some limonite (named in the order of 
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tlieir qiiaiititT) formed perhaps 90 per cent. Be.^ides these 
there were llllrae^ 01 l^ non-nietallic mineral fragments, both of 
original and of secondary character, which were very interest- 
ing and unexpected. It should be remembered that the greater 
niiiober of the 'specimens of porphyry from which the concen- 
trates were obtained came from points on or near surfaces 
which had been exposed to moisture and air for a considei'uble 
time, and therefore cannot be supposed to represent with cer- 
tainty the character of the interior mass of the porphyry. 

Following roughly the order of their frequency, the miiiera]> 
were orthoclase (both pegmatolite and saiiidine), pyroxene, and 
a yellow silicate(?), the nature of which was not deteimiined 
with certainty, but which is not suspected of being either rare 
or important. It may be serpentine. 

A second examination of this concentrate follows : 

A comparatively large amount of the porphyry was con- 
centrated by panning, and examined under magnifying powers 
of 60 and 120 diameters, and p)roved to contain pyrite, quai'tz, 
rounded milky grains of feldspar, also reddish translucent 
grains with occasional circular groups on a surface exhibit- 
ing high refracting power, and resembling pegmatolite. Oc- 
casionally these two appearances are exhibited by the same 
grain. Translucent and generally rounded grains showing 
pale bluish or bluish green color and opalescence in transmitted 
light were observed ; also yellowish, barely translucent grains, 
and a minute mass of the finest hair-gold interwoven into little 
knobs, and spongy in appearance. 

There were also fragments of a dark bluish black mineral 
with metallic lustre and perfect cleavage on at least one plane 
(galenite) and argentite(?), diopside, beryl (one fragment), and 
eassiterite(? ?). 

Dr. Amos P. Brown, of the University of Pennsylvania, gives 
as his description of this powder : (1) Magnetite, (2) pyrrhotite, 
(3) pyrite, (4) chalcopyrite, (5) beryl, (6) serpentine(? — the yellow 
material alluded to above), (7) cassiterite(? ?), (8) quartz in small 
amount. 

(9. V. 21). — ^ Another specimen was concentrated, and gave 
the writer pyrite, quartz, pegmatolite, yellowish translucent sili- 
cate, native gold, and galenite. 

Dr. Brown says of this : “ It seems to have the same con- 
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stitiieiits as (L), but with a large percentage of the magnetic 
portion, which is mainly pyrrhotite, it would seem.’’ He adds : 
-As I have no data as to the method of separation of their con- 
centrates, I do not know anything* of the specific gravity, and 
can hence form but a poor guess of the constituents. The dark 
minerals are not in crystals, so the color and lustre only can be 
used in determination.” 


A mass of this same powder which had not been concen- 
trated was given to Dr. Edgar E. Smith, from w^hom I have the 
following partial determination : 


Per cent. 


SiO„, . 

A1 A and Fe,0,. 
K„b and Xa-A 
CaO, . 

MgO, . _ . 

Undetenamed, 


. 63.5S 
. 22.89 
. 7.35 

. 2.80 
not determined 
. 3.63 


100.20 


The rock is therefore a rhyolite with numerous mineral in- 
clusions, including native gold and combined silver, some of 
which are, in all probability, of secondary origin, and a few of 
which may have been transported from other places, inasmuch 
as all the specimens were taken at no great distance from the 
surface, and the rock was very generally broken and weathered. 

An analysis of this rock was made hy Mr. V. Lenher in the 
John Harrison laboratory of chemistry of the University of 
Pennsylvania. It proved to be composed of: 

Per cent. 


SiO„ 61-79 

AI,6,, 17.79 

Fe.A 

CaO, 0.80 

J%0, 0.23 

KA 4.78 

TX&sO, 7.56 

Loss on ignition 3.46 


100.42 

This rock resembles in most of the constituents, except the 
silica and alkalies, a trachyte from Ischia near Naples ; hut in 
these latter percentages is nearer to an acmite-trachyte from 
the Crazy mountains, Montana ; both cited by Prof. Kemp. 

(1. y. 9). — The examination of this rock in coarse powder 
gave much the same results as that of the last, except that the 
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grains, though smaller, were less translucent, and no free gold 
was observed. 

Dr. Brown describes it as containing ; ^‘(1) Magnetite, (2) pyr- 
rhotite, (3) pyrite, (4) diopside ( ? small amount), (5) quartz and 
flint. The same dark mineral as in (L) may be (0 j cassiterite. 
(T) Some globular and botryoidal grains closely resemble some 
forms of cassiterite (or uraninite). There is also a little red 
opal. Possibly (7) may be limonite or psilomelane, but it is 
rather black." An analysis of this rock, uneoncentrated, made 
by Mr. CTeorge AVilliam Sargent, in the Harrison chemical 
laboratory of the University of Pennsylvania, yielded the fol- 
lowing results : 



Per cent. 

SiO, 

51.9a 

Al.O^ and Fe^O-^, . . * . 

31.95 

Xa..O, 

2.89 

KoO, 

. . . . . . 6.275 

CaO, 

. 0.75 

MgO 

0.51 

Loss from ignition, 

7.26 

Total, .... 

100.965 


The silica in the specimen is very low, and the alumina and 
iron sesquioxide are very high ; yet its position with reference 
to other more normal specimens leaves no doubt that it is part 
of the same outflow, modified, no doubt, by weathering. 

(E). — This porphyry was obtained from a shallow pit about 
900 feet E. of S. of the shaft-house on Union Hill, and but a 
short distance above the main Hoodoo tunnel. 

It welded to the examination of its concentrated powder very 
much the same results as those above. Quartz and feldspar 
predominated, and the j)yrite was smaller in amount. The 
quantity of this concentrate was less than the others, though 
made from an equal quantity of powder. A small fragment of 
hematite was observed. 

Hr. Brown says of it: Much like (10 V. 22), a large part of 
the magnetic part seems to be pyrrhotite. Quartz, barite(?), 
not much pyrite ; much black mineral, which looks like rutile 
or cassiterite.”"^ 


* A considerable quantity of this powder was examined for me by Dr S. P. 
Sadtler for the presence of tin, with negative results. The existence of cassiterite 
in this rock must therefore be considered as yet unproven. 
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The uneoneentrated powder of this rock was subjected to a 
partial analysis under the direction of Dr. Smith, with the fol- 
lowincp results : 

^ Per cent 


SiO>, 

AlAandFeA, 

Cab, 2.50 

U^nflpifArminArl. 12.46 


100.00 

A specimen of the unground rock from this pit was cut and 
mounted in thin slides for examination by the polarizing mi- 
croscope. 

ITiider 60 and 120 diameters it proved to consist of a fine 
granular and hyaline matrix, including a considerable amount 
of quartz and secondary quartz, in which were imbedded large 
crystals of some sanidine and pegmatolite. A small amount ot 
mica was also suspected. 

In another specimen the sanidine showed considerable corro- 
sion of the edges, and the matrix was of a texture suggesting 
the presence of silica deposited from solution. 

This rock is also a rhyolite, less rich, or perhaps entirely des- 
titute of valuable metallic constituents. 

Dr. Brown describes this section thus : Sanidine in por- 
phyritic crystals, some micro-pegmatitic. Grrains of primary 
quartz and much secondary quartz. This rock had apparently 
a glassy matrix originally. I do not find muscovite.^^ 

In a later note he says : It is a rhyolite without doubt. I 
should say it had originally a rather glassy base, hut this had 
become devitrified. It is not apparently a very acid rhyolite, 
however.^’ 

An analysis by Mr. Y. Lenher in the J ohn Harrison labora- 
tory of chemistry of the University of Pennsylvania demon- 


strated : 

Per cent, 

SA 67.10 

AlA 13.95 

FeA? 2.72 

CaO, 1.54 

MgO, 0.69 

K^O, 8.31 

2.43 

Loss on ignition, 3.85 


100.49 
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From its silica, alumina, iron sesqnioxide. lime and mag- 
nesia, this rock rescniljles one from Flagstati*, Colo. ; and in 
the alkalies a rhyolite from Silver Clitf. Colo., of wliieli 
analyses are piiljli^hed in the HoitJItOfA' of i?oe/L 

(10 T. 22j. — The appearance under the ^lliero^eope of the 
eoiiceiitrated powder resembles very much that of (9, T. 21), 
but it contained less pyrite, and no gold was observed. 

Dr. Brown's description is as follows: ^‘(Ij Magnetite, (2) 
]3yrrhotite, (3) quartz, (4j p>yrite, (5) same material as (7j in 
(1. V. 9), (6) also some of the dark mineral of (L. 7), and yel- 
low of (L. 6), perhaps serpentine. Much quartz, and a larger 
proportion of pyrrhotite than in the others.'’ 

An unconeentrated specimen of this rock was analyzed in 
the laboratory of the Universitv of Pennsylvania by Mr. George 
TTilliam Sargent, and gave the following results : 


Percent. 

SiO.^, 58.71 

ALO,^ and Fe^Os, . . . . . . . . . 25 G5 

2S"a.p» 3 61 

K>0, . . . 6.6() 

MgO, trace. 

CaO, 0.29 

MnO, 0. 73 

Loss from ignition, 4.20 

Total, 99.88 


The silica is still rather low for a rhyolite, which, neverthe- 
less, we must suppose this to have been in its original state. 

A specimen of a coarse-grained rock (a) obtained from a point 
near the Union Hill shaft on the surface of the hill, when cut 
into thin slides and examined under the microscope, exhibited 
a fine-grained matrix, in which rested short, thick slabs of lab- 
radorite and large prisms with pyramidal terminations of much 
disintegrated augite. Besides these, are some crystals of biotite, 
also small grains of some undetermined silicates and a little 
secondary quartz. The peculiar fragmentary condition of the 
pyroxene is striking. It is as if in pseudomorphs, or what ap- 
pear to be such, though the original form may have been py- 
roxene. 

Much of the granular matrix, associated with the usual acces- 
sory minerals accompanying augite or labradorite, is made up 
of small augite fragments. 
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This rock seems to be an angite-auclesite. 

Dr. Brown says of the sections of this rock : “ It contains 
plagioclase, a little saiiicline, augite (light-colored), and in 
(one of the slides] a little brown hornblende, ery little if 
any secondary quartz, augite-andesite.” 

He adds in a subsequent note : “ I think this could be safely 
called a pyroxene-andesite or augite-aiidesite, although I am of 
the opinion that some of the pyroxene may have been rhombic. 

^ Pyroxene-andesite ’ would be safe.” 

The Colbtta Group. 

The Coletta group of mines lies nearly due east of the Black 
Prince, miles down the valley of the Bear Butte creek. The 
openings are situated on the top of a steep hill which separates 
Spring run from Bear Butte creek, and at an average of 300 
feet above the beds of the streams. The rock is a quartzite, 
reported by Capt. Boyd to be here 175 feet thick and over- 
Iving the jA-rchean schists, which are nearly vertical. The dip 
is accordingly slight, about 6 ° — E. by S., and the ore con- 
forms to this dip, but occurs in a peculiar form, called by Capt. 
Boyd “ corrugations ” or “ corrugates.” From whatever cause, 
there have been deposited on the upper surface of the quartzite 
uneven lenticular masses of ore like sausages strung together by 
slender strings, and dipping longitudinally towards the east. 
They lie approximately in the same plane at intervals of 80 to 
40 feet, parallel with each other, and are intersected by other 
similar masses at right angles, which increase both the richness 
and quantity of the ore at their junction. 

The cause of this strange phenomenon has been thought to 
be furrows or troughs made in the surface of the quartzite in 
which the metalliferous solutions deposited their contents ; but 
the origin of the depressions, and especially of these gridiron- 
like forms, is not clear. The length to which they continue is 
not known, the exploitation being terminated in most instances 
by the contour of the hill. 

Measurements of these corrugations show that they are 
broad and shallow lenticular masses, from 5 to 12 feet wide and 
from 8 inches to 3 feet thick. “Where these lens-shaped, masses 
are united end to end, or at the parts analogous to the connect- 
ing-string of the sausages, the rock becomes sandy, and free 
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gold is found. The mineral matter consists mainly of carbonates 
of lead containing 50 cents to §12 per ton in silver and 0.2 ounce 
to 1|- ounces of gold to the ton^ and varying between 1 and 40 
per cent, of lead. These masses are said to increase in value 
with depth, which is natural from the manner of their deposit ; 
the heavier and richer metals and their compounds having 
drifted to the lower planes. 

They are all more or less ferruginous, and siderite and mag- 
netite are reported to have been found in them. 

The ore exposed is a carbonate of lead containing nodnles 
of cerussite. 

Tunnel No. 1, overlooking the valley and the hamlet called 
Virginia City, was opened on the nose of the hill by Mr. Harris 
in 1891, in a small shaft or pit sunk hy an earlier prospector. 

The first pipe, encountered about 4 feet from the tmiuel- 
mouth and drifted on, was 1 foot wide, and increased shortly to 
4 feet. The tunnel runs about S. by E., and the drift about E. 
The greatest thickness of these corrugations was 4 feet, and 
their greatest width 20 feet. Here the dip of the rock was 
5° — ^E. by S. in a decomposed quartzite. About 150 feet from 
the mouth of the drift it turns and is run on the small pipe. 
There are other horizons in the quartzite where the lenticular 
and gridiron-structure occurs, and pipes of ore connect them. 

A number of these tunnels are oj>ened along the northern 
and eastern face of the hill at not very different levels. 

On the eastern face of the hill, in opening No. 5, the plane of 
the pipes has a strike of about S. 35° W., and the pipes them- 
selves dip about 15° — ^E. 35° S. 

Samples from all the tunnels, Nos. 1 to 5, were taken and 
averaged, the product being indicated by the letter J below. 

A nodule of bright red color was selected from No. 5 and 
assayed. Vanadinite was found in parts of the face, and es- 
pecially ill small crevices. Specimens were taken from open- 
ing No. 4 for examination. At the mouth of No. 6 a pipe 18 
inches thick, of yellow color, and containing heavy lead car- 
bonates, was observed. A short distance into the tunnel a flat 
lenticular mass or pipe, 10 feet wide and of unknown length, 
runs into the hill at an angle of about 15° — N. 35° W, Some 
80 feet south is another twin pipe or corrugation connected 
with it. This last has a breadth of about 4 feet where observed. 
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About 100 feet S.W. from jS'o. 5 is auotlier opening, ISTo. 6, 
into another pipe. Little Tras found outside these openings as 
dump, which is indirect testimony favorable to the character of 
the material excavated. 

At 100 feet E. of opening iSTo. 6, and 25 feet lower, a large 
cavern or stope has been excavated under the lower edge of 
the quartzite, where a quantity of kaolin appears, and a con- 
siderable quantity of ore. The horizon is thought by Capt. 
Boyd to be the lower edge of the Potsdam, and it is not un- 
likely that it marks at least the lower edge of a lower P ots- 
dam quartzite. A banded quartzite called “ ribbon-quartz ” 
runs through the Archean schists at many localities in this 
country, which is said to be usually gold-bearing. 

At the Lynn, or JTo. 7, cut, 250 feet from the mouth and at the 
heading, a series of pipes was found with carbonates of lead 
averaging from 170 to 500 ounces of silver. This ore was 
sacked. (About 30 sacks make a ton.) Four tons or more 
have been taken from this hole. Specimens taken from both 
sides of this drift were averaged and sam piled, and the assay of 
the resultant specimen, labeled L, will be seen below. (Vanadi- 
nite was also found here.) 

The mouth of the Lynn, or No. 7, tunnel is about 800 feet 
above water-level, and the extreme summit of the hill (which 
lies about S.E. of tunnel No. 1, and a little north of Avest of 
the Lynn tunnel) is about 50 feet above it, but Capt. Boyd es- 
timates the average cover of the mines at about 20 feet. 

In general, it may be remarked that in tunnel No. 1 and the 
openings nearest to it, the pipes or corrugations are iii rotten 
disintegrated rock; but to the southeastward the quartzite in 
which the pipes are found becomes harder and firmer. 

About 300 feet S. 25° E. of the Lynn, or No. 7, tunnel, is 
another trial-shaft which showed some ore. At a dejith of 
about 8 feet, at the bottom of the shaft, a pipe is found strik- 
ing N. 26° W. and S. 25° B., but the ore is under such liglit 
cover that a great deal of it has been disseminated among the 
clays. 

According to Mr. Lynn, the surface indications of a pipe arc 
a red soil and float-ore. 

The nearest Archean schists underlying this quartzite which 
were observed, dipped S. 35° E. — 85°. 
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The assays of the specimens taken from the Coletta workings 
here follow : 

Assays from Coletta Workinys. 

Dollars, gold, 
Sliver and lead 
per ton 




Dollars per ton. 

Lead. 

(Lead at 

Mark 

Description 

Gold 

Silver. 

p.c 

S25c per lb.) 

J 

Tunnels 1 to 5, 

. 7.4412 

1.008 

5.6 

i2.0&92 

Ja 

Bright Termilion 
nodule in No. 5, . 

. 29.3514 

10.068 


39.4194 

K 

Tunnel No. 5, . 

. 0.4134 

0.096 

11.17 

7.7694 

L 

Lynn or No. 7 tunnel, 

. 2.0670 

27.408 

3.67 

31.860 


The lack of continuity in the ore-sheet caused by the breaks 
in the spaces between the gridiron of ore-bodies does not pre- 
vent a reliable estimate of the amount of ore from being made, 
for these corrugations persist with remarkable regularity. It 
was not easy to make a test of the amount of free-milling gold 
which occurs at the points where the ore-bodies pinch out, but 
it is likely to prove a large addition to the value of the ore here 
given. The lead is a valuable associate, and facilitates greatly 
the treatment in the smelter. With improved means of trans- 
portation to the Gralena plant, which has already been projec- 
ted, a large, steady and profitable output may be confidently 
relied on. 

In the upper part of G-alena, near the angle of Bear Butte 
creek referred to, the Archean schists dip S. 30° E. — 50°. The 
exposures show the rock in the hill to be compact, and in places 
curved and foliated. At this place a contact with porphyry is 
not far off; in fact nature seems to have arranged the greatest 
possible number of contacts in this entire region, and to have 
prepared each contact with its quota of ores. The realization 
of this fact will explain the great prevalence of the word con- 
tact,’’ which one hears constantly. 

At the tunnel in the Cora mine, previously referred to, the 
opening is at the bottom of a middle quartzite dipping about 
50 — the upper tunnel, at the junction of the Ar- 
chean schists with this quartzite, is plainly shown the former 
group, a pinkish mica schist dipping E. 20° S. — 38°. (This low 
dip is doubtless due to the sagging of the laminae exposed on 
the upper side of the hill.) The quartzite lying immediately 
upon it dips E. 10° S. — 18°. 
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Mr. Mall, an old and experienced miner, states that in gen- 
eral, the quartzite of this region is thought by the experienced 
miners to dip E. at a low angle, and the schists &.E. 

It has been mentioned that on top of the Cora hill is a cap- 
ping of porphyry destitute of valuable mineral contents. The 
cleavage-planes of this rock seem to conform to bed-planes of 
the quartzite and dip 60° — ^E. 10° S. 

At another opening on a contact of quartzite with the over- 
lying shales, a quantity of cherty-looking red oxide of iron is 
observable. Lamellar oxides of iron with eonchoidal fracture 
and smooth surfaces follow this upper contact It would be im- 
portant to know whether this merges into pyrite deeper and 
further into the mine, where it is less exposed to the weather. 
The Cora mine produced galenite, silver and gold. 

List of Papers on Peonoimc and Structural Geology of Black 

mils, 

I am indebted to Mr. Walcott, the Director of the United 
States Greological Survey, for the following bibliograiDhy on the 
economical and structural geology of the Black Hills : 

Engkmann. Eeport of a geological exploration from Fort Leavenworth to 
Bryan’s Pass made in connection with the survey of a road from Fort Riley to 
Bridgets Pass under command of Lieutenant F. T. Bryan. Bept. of Nec’y 
of TTctr, ISod. Appendix H, p. 608. 

Meek and Hayden. (Some remarks on the geology of the Black Hills and por- 
tions of the surrounding country.) Phila, Acad, Sci , Proc., vol, x., pp. 41~49, 
map. 1859. 

Winchell (IST. H.). Reconnaissance of the Black Hills of Dakota, U. S. A. Bept. 

of Chief of Engineers, 1875, Part 2, Appendix PP, pp. 1131-1172. 

Newton (Henry). Geology of the Black Hills. Introduction. B^port on the 
Black Utils of Dakota, J. W. Powell in charge. Washington, 1880. 

Jenney ('Walter P.). Mineral resources of the Black Hills of Dakota. Bept on 
the Black Hills of Dakota, J. W. Powell in charge. Washington, 1880- 
Devereux (Walter B ). The occurrence of gold in the Potsdam formation, Black 
Hills; S. Dak. Pram. A. L M. R, vol. x., 1882, pp. 465-475 (with section 
near Homestake). 

Newberry (J. S. L The Deposition of Ores. School of Mines Quart, vol. v., p. 
336. 

Blake (Wm, P.). Tin -Ore Veins in the Black Hills of Dakota. Prans. A. I. 
M. E., vol. xiii. , pp. 691-696, 1885. 

Chance (H, M.). Resources of the Black Hills and Big Horn Country, Wyo- 
ming. Brans. A, I. M. E., vol. xix., p. 49. 

Carpenter (Franklin R. ). Notes on the Geology of the Black Hills. Preliminary 
Report of the Dakota School of Mines upon the Geology, Mineral Besourees and 
Mills of the Black Hills of Dakota, pp. 1 1-52, map. 1888. 
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The Mineral Ke^ources of the Black HillSj their Character, Occiirrencej and 
Extent. Preliminary Meport of the Dakota School of eU., pp. 107M71 

1 sss. 

Ore-depodts of the Black Hills of Dakota. Transi. A. L J/. E., vol. xvii. 
pp. 57 i'- 59'5 1;^89. i^With colored preological rr^ap. ) 

Croshy fW. O.). Geology of the Black Hillt, of Itakota. Sok Sat. Hist. 

Proc., Tol. ssiiL, pp 488 olT, 1848. See also vol. sxiv., p. 11. 

Van Hise, (C R ). The Pre-Cambrian Eockbof the Black Hills. Ger,L Soe. Am., 
Bull , vol. i , pp. 203- 241. IsDO. 

V’ard (Lester F. i. The Cretaceous Elm of the Black Hills. Jour, of Geol , vol 
n., pp. 2r.0-266. ’ 

Posepny (R). The Genesis of Cre-Deposits. Trans. A. I. AT. E., vol x.viii., pp. 
19 1 *—869. 

Todd (James E.). A Preliminary Eeport on the Geology of South Dakota. S. D. 
Geol. Suin)., Bull. Xo. 1, pp, 172. 

Pirrson (L. V. 1. On Some Phonolitic Eocks from the Black Hills. Am. Jour. 
6a., 3dser., vol. xlviL, pp. 341-345. 

Hall (Charles E.). A Vacation-Trip into the Black Hills of South Dakota. Ab- 
stract : Minn. Acad. Xat ScL, Bull., yoI. iil, pp. 185-181. 

Hall (M. S ) The South Dakota Artesian Basin. Science, vol. xxii., pp 29-30 
Headden (Wm. P.), Stannite and some of its Alteration Products from the 
Black Hills, South Dakota. Am. Jout. ScL, Sd ser., vol. xlv., pp. 105—110. 
CJaypoIe (E. IV.) The Tin-Islands of the ^’orthwest. Am. Geol., vol ix pp 
228-236. ' 

Hike (Titus). A Kew Tin-Mineral in the Black Hills. Trans. A. L M. E. vol 
sxi., pp. 240-241. ' 

A Contribution to the Geology of the Dakota Tin-Mines. Eng. and Min, 
Jour., vol, liih, p. 547. 

Eolker (Charles M.), The Production of Tin in Various Parts of the World. 

Z7. 6 Geol Surv., I6ih Ann. Rep., Part III., pp 4‘‘8-538. 

Todd ( J. E.). Eecent Geological Work in South Dakota. Am. Geol, vol. xvi. 

p. 202. ’ 

Eickard (T. A.). Variations in the Milling of Gold-Ores— XII. The Black 
Hills, South Dakota. Eng. and Mm Jour., vol. lx , pp. 221-223 and 247-251. 
See also Bulletin No. 127, U. S. Geol Sum:., Catalogue and Index of Contributions 
to lY. Amer. Geol, 1732-1891, by X. H. Darton, under the heading Dakota. 


Biographical Notice of Joseph D. Weeks. 

BY ALFEED E. HUNT, PITTSBURGH, PA. 

(Chicago Meeting, February, 1897.) 

By the death of Joseph Dame Weeks, past-president of this 
Institute, which occurred December 26, 1896, the world has 
lost an earnest and unwearied philanthropist; the Christian 
church, a zealous, active and consistent representative; the 
Dnited States and the State of Pennsylvania, a patriotic, pub- 
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lie-spirited and uiiselfislilT useful citizen ; social and. tedinical 
science, an esteemed authority ; the American Institute of Min- 
ing Enffineers, an early member, three times an officer, a % alued 
contributor to its Ti'cuisnchons and always an efficient suppoitei 
of its prosperity ; while hosts of friends have lost, so far as 
earth and time are concerned, that most precious of possessions, 
a true friend. 

Mr. Weeks was born in 1840 at Lowell, Mass., and, in his 
early manhood, was employed as a chemist in the laboratory of 
Dr. J. C. Ayer, a manufacturer of proprietary medicines in that 
citv. Later, he became a student at "Wesleyan University, 
with the view of entering the ministry; but, in addition to his 
theological studies, he paid special attention to the physical sci- 
ences, to which, by the natural bent of his mind, he was spe- 
cially attracted. After bis graduation he was for eight years a 
Methodist preacher in Ifew England, and although in subse- 
cjuent years the chief work of his life was connected with sci- 
ences, industries aud professions not distinctively religious, lie 
maintained throughout the devout and consecrated spirit, the 
strong sense of duty and the lofty ideal of service which had 
inspired his earliest choice of vocation. 

Durina; the civil war he became one of the most efficient 
agents of that noble and beneficent institution, the United 
States Christian Commission, which, by its labors for the mate- 
rial and moral interests of the soldiers of the Union, con- 
tributed, not less truly than did the hosts actually in arms, to 
the welfare of the nation, while mitigating the horrors of the 
conflict. In this capacity he was able to trace the fate of many 
wounded soldiers or prisoners of war, and of many who had 
died in hospitals or on the field, thus bringing to innumerable 
homes the satisfaction (sad or joyful, as the case might be) of a 
certainty which removed the element of anxious doubt, worse 
even than grief. 

After the close of the war lie lived for some three years in 
Cincinnati. It was perhaps during this period that he turned 
his attention to journalism, a profession for which his varied 
experience had qualified him. For some time he was a writer 
for the Burlington Mawkeye, a local Iowa newspaper with a 
more than local reputation. 

Li 1872 he removed to Pittsburgh, Pa., where he continued to 
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reside until his death, earning' by his character and work, as 
the years went on, the position of one of the inot^t widely 
known and highly honored citizens of that important place. 
His first work at Pittsburgh was in the editorial department of 
the Atnericaa 2I(f n ufadarer and Iron Worhl — a position in which 
his early scientific training was fruitfully helpful. 

Early in 1875 Mr Weeks left the Pittsburgh journal and be- 
came an associate editor of the Iron A(je of Xew York — a posi- 
tion which he retained for some ten years. 

But the rapidly increasing predominance of Pittsburgh as a 
center of the iron and steel industry of the Hnited States o})ened 
a field for local technical journalism not to be neglected ; and in 
1886, severing his connection with the Iron Acje, Mr. Weeks 
became, and remained until his death, the chief editor and the 
manager of the American Mannfactiirer and Iron World, 

The management of such an enterprise was enough for one 
man, even of exceptional capacity for work ; but the incomplete 
outline of the aetimties of Mr. Weeks, given below, exhibits 
an amazing industry beyond the limits of selfish business in- 
terests. The secret of his multifarious activity lay largely in 
the circumstance that he was universally known as one who 
wmuld never refuse to undertake a labor which he deemed, on 
the one hand, honorable, and, on the other hand, useful to Pitts- 
burgh, or the United States, or Christianity, or science, or man- 
kind. It is impossible to present a complete record of his in- 
defatigable service under all these heads, and even the incom- 
plete account given below is not arranged in accurate chrono- 
logical order, but rather, in a general way, in the order of the 
spheres of usefulness just named. 

As a representative of the manufacturing interests of Pitts- 
burgh, Mr. Weeks appeared, in connection with tariff questions, 
before many Congressional Committees, commanding respect 
by his known conscientious honesty and his thorough knowd- 
edge, based on painstaking personal research, of the subject at 
issue. He was one of the founders, and at the time of his 
death the secretary, of the Western Pig Iron Association. He 
yras also one of the founders of the Western Iron Association, 
He was prominently connected with the iron industry at the 
time of the formation of the great labor-union known as the 
Amalgamated Association of Iron and Steel Workers of the 
VOL. XXVI r. — 16 
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United States, and personally edited and presented the first 
scale of wages offered hy the manufacturers to that powerful 
organization. Yet although generally recognized as the spokes- 
man of the manufacturers, he enjoyed to an unusual degree the 
confidence of the representatives of labor. It was the Pitts- 
burgh coal-miners who first proposed him to pi*eside over a board 
of arbitration between them and their employers. He often 
served as the chairman of wages-eonferences,’’ and succeeded 
on many occasions in the reconciliation of conflicting interests 
and demands. The deep regret occasioned by his death in 
the circles of organized labor” has been eloc|uently expressed 
in a tribute to his memory published by President Grarland, of 
the Amalgamated Association of Iron and Steel TVYrkers. It 
is indeed unfortunate that such tributes are so rare; but, on the 
other hand, it is matter for congratulation and hope that the 
example of Joseph D. Weeks has demonstrated the value and 
power, ill industrial controversies, of sincere good-will, simple 
honesty and fair play. 

Mr. Weeks was one of the founders, and, at the time of his 
death, a director, of the Pittsburgh Chamber of Commerce. 

He was also one of the founders of the Homoeopathic Hos- 
pital of Pittsburgh, and a trustee of that institution for many 
years, during which he saw it become, and helped to make 
it, one of the largest and best-appointed hospitals in Pennsyl- 
vania. 

Moreover, he was a member of the Press Club, the Duqiiesne 
Club and the Junta Club (a literary association), all of Pitts- 
burgh. If to these data we add that no enterprise for the 
benefit of Pittsburgh or its industries lacked his hearty co- 
operation, it will be clear that he w^as a citizen of conspicuous 
loyalty and devotion, and the universal recognition of him as 
a representative of that city will need no explanation. 

Yet he was not less active in promoting the interests of the 
whole country. Perhaps more widely known as an intelligent 
and careful statistician than in any other capacity, he was re- 
peatedly employed by the United States Government in the 
preparation of its census reports and the annual reports of the 
Geological Survey on the mineral resources of the country. 
The State of Pennsylvania has also received, from time to time, 
the benefit of similar service from him. In his special field of 
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the industries, of iron, steel, coal and coke, petrolenrn and natu- 
ral gas, he took rank as the highest authority. At the Chicago 
Columbian Exposition of 1893, his eminent ability was recog- 
nized in his appointment as one of the Judges of Aw'ard in 
the Department of Mines and Mining. It may he remarked, 
in passing, that the hard work which he performed in this ca- 
pacity broke him down physically, and proved to be, as now 
appears, the beginning of the end of his earthly activity. He 
never fully recovered from the illness which followed it, and 
his sudden death from apoplexy w'as but the sequence of several 
physical warnings which he had received. 

notwithstanding these warnings, he eontiiined in harness to 
the last. At the time of his death he was burdened, in addi- 
tion to the regular editorial and other labors connected with 
his journal, with the duties of Chairman of the Pennsylvania 
Tax Conference Commission, a body charged by the State 
Legislature with the grave responsibility of submitting to the 
State Department at Harrisburg a revised general revenue hill. 
Into this work he had thrown himself with characteristic zeal 
and industry, and had already collected a vast amount of 
material for use in the wise formulation of revised tax-laws for 
the State. 

As if this were not enough, he was at the same time engaged 
in gathering information for the guidance of the Xational 
Commission appointed to appraise the property of the Mo- 
nongahela Eiver Xavigation Co., under an Act of Congress 
authorizing the Government to purchase the dams and im- 
provements owned by that company, and to make the naviga- 
tion of the Monongahela free. 

His interest in the progress of science, especially in its ap- 
plication to industry, was keen, intelligent and far-seeing. He 
w^as one of the first to recognize and to urge upon the attention 
of manufacturers the advantages of natural gas as fuel. To 
his persistent and energetic advocacy the tin-plate manufacture 
of this country may almost he said to owe its existence and 
present success. The year before his death he visited Great 
Britain and the continent of Europe to investigate the progress 
of the utilization of by-products from special coke-ovens, and 
returned imbued with the conviction that the coke-manufactu- 
rers of western Pennsylvania and Virginia were suffering large 
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mid iinnece^sarv losses throngli the dissipation into the atmos- 
pliere^from bee-hive ovens, of the valuable volatile constituents 
of the coal. Of course, it is not claimed for liim that he was 
the first or the only one to call attention to this subject, or that 
the particular method with which he identified himself is ^ the 
only method for eifeeting the desirable end he had in view. 
But it is certain that the general interest in the matter has been 
lar£*elv increased since the publication of his reports upon 
foreign practice. 

Mr. Weeks became, in 1875, a member of the American In- 
stitute of Mining Engineers, with which, it is needless to say, 
his coiuiectioii was not that of a passive recipient of its bene- 
fits. His frequent attendance and hearty co-operation at the 
meetings, and his contrihutions to the Transactions (enumerated 
below), won for him a deserved prominence. In 1886 and 
1887 he served as Vice-President; in 1890, 1891 and 1892 he 
was a Manager ; and in 1896 he became President. 

The files of the two technical journals with which he was 
associated contain a vast amount of his work which cannot here 
be catalogued in detail. Outside of this, the following list of 
essays and reports, though doubtless incomplete, will indicate 
the nature and amount of his literary activity. 

In the Reports of the U, S, Census of 1880 : Articles on “ The 
Manufacture of Coke/'’ The Manufacture of Grlass/^ Statistics 
of Wages in Manufacturing Industries,^'’ and supplemental 
reports (in Volume XX.) on Strikes and Lock-Outs,'’ and 

Trades Societies.” 

In the Reports of the Department of Mineral Resources of the 
Z7. S. Geological Survey : In each volume from the one giving 
the statistics of 1885 to the latest, published in 1896, articles on 
'' Crude Petroleum,” '^Xatural Gas,” and Manganese.” 

In the Reports of the U. S- Census of 1890 : For the Depart- 
ment of Mines and Mining, articles on Crude Petroleum,” 
'^Natural Gas,” and Maxiganese and for the Department 
of Manufactures, articles on Coke,” “Glass,” and “Petro- 
leum-Eefining.” 

In the Transactions of this Institute : “ HadfiekPs Patent 
Manganese-Steel” (xiii., 233); “Tests of Manganese-Steel 
(xv., 461); Remarks on the Kerosene Blowpipe (xiii., 678); 
Remarks on Relief Associations (xii., 606); Remarks on 
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American Blast-furnaces (xix., 984; ; Eernarks on tlie Consump- 
tion of Xatiiral Gas fxx., 411;; Biograpliical Xotiee of "William 
Powell Shinn (xxi., 394;; ""The Elk Garheii and Up[>er 
Potomac Coal-Fields of "West Viro*iiiia (xxiv., 351); ""Some 
Fuel-Problems'' (Presidential address, xxv., 943;; and a Presi- 
dential address delivered at the Pittsburgh meeting, February, 
1896, which has not yet been issued officially by the Institute. 
This address dealt with the claim of William Kelly, a native 
of Pittsburgh, as the first to conceive the principle of the Bes- 
semer process. I am informed by the Secretary that the delay 
in its publication was due to the express order of Mr. Weeks, 
who was not willing to have it issued in the form in which, 
through what he deemed a misconstruction of his meaning, it 
had been bitterly criticized by the friends of Sir Henry Besse- 
mer. He intended, therefore, to revise it in such a way as to 
remove all possible misunderstanding. But this intention, I 
believe, he had not executed vrhen overtaken by death. 

Mr. W eeks was an earnest tvorker in the Methodist Episco- 
pal Church, for many years superintendent of a Sunday-school 
in Pittsburgh, and one of the founders of the Talley Camp 
Meeting Association of Western Pennsylvania. He was well 
known as an earnest advocate of temperance, and personally a 
total abstainer from both alcoholic liquors and tobacco. In 
polities he was an ardent Eepublican, and served as the Secre- 
tary of the Eepublican Xational Committee in the campaign of 
1892. Always ready to work for his party, he was never an 
office-seeker. 

He was a Free Mason, of the thirty-second degree of the 
Scottish rite. 

He was one of the founders of the Order of the Knights of 
Pythias, of which he wrote the only history in existence. 

At the time of his death he was a member of the Board of 
Management of the Sons of the American Eevolution of the 
State of Pennsylvania. He came of good Eevolutionary stock, 
his great-grandfather, Jacob Heard, having been a soldier in 
the regiment of Xew Hampshire militia which fought at 
Bunker Hill, and afterwards, reorganized as a regiment of the 
regular Continental army, continued in service to the end of 
the war. 

A noble and beautiful feature of his character was the unfail- 
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ing interest and sympathy with which he regarded young men 
starting out in the field with 'svhich he was familiar. During 
the last twenty years Pittsburgh has called to aid in the devel- 
opment of her great industries many young men of scientific 
tastes and training ; and the writer sjieaks tor himself, as well 
as for a multitude of others, in recalling with grateful acknowl- 
edgment the warm greeting received at Mr. M eeks s hands, 
and the ready willingness with which he furnished at all times 
technical or statistical information or friendly advice, free 
from all airs of assumed superiority, and full of bright, hearty 
fellowship and good-will. 

In 1871 Mr. Weeks married Miss Mattie J. Fowler, daughter 
of a gentleman once pimminently connected with the Pittsburgh 
iron industry. His widow and one daughter survive him. 


Biographical Notice of Alexander Trippel. 

BY R. RAYMOND. NEW YORK CITY. 

(Chicago Meeting, February, 1897.) 

Most of us, in this hurrying age, take little pains to pres(UU’‘0 
such records of our doings as will make the work of our biog- 
raphers easy. Now and then there is an exception, and Dr. 
Trippel was one. Methodical in all his habits, ho kept diaries 
and journals comprising his own personal ex])erieuees, the 
details and results of his numerous scientific investigations? 
and Ms impressions concerning men and events; a, ml also 
copies of all his technical essays, published by various so(*iid.ii‘S 
or periodicals. It is a striking instance of the irony of fate/’ 
that these carefully-preserved materials, which would now have 
a real historical, as well as biographi<*al value, Wiuv totally 
destroyed ])y an accidental fire a few years ago. 

In addition* to my own reeollectious of an a<‘(piaintau<a' cover- 
ing more than thirty years, I am iudel)ted, for the fmds upon 
which this sketch is l)ascd, chiefly to Mr. Eugene J. Tripptd, a 
son of the deceased, and now Register of the Dnite<l Htaft‘s 
Land Office at Tucson, Arizona. Mr. Trippel, however, frankly 
confesses that his own knowledge of his father's work is, in the 
a])sence of written records, imperfect. 
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Alexander Trippel was born Jannarj 25, 1827, at ScbafF- 
hausen, Switzerland. One of Ms family, in an earlier genera- 
tion (though not a direct ancestor), was the celebrated sculptor, 
Alexander Trippel, whose bust of his intimate friend, Goethe, 
is said to have been characterized by Bayard Taylor as the most 
perfect work of sculpture extant. It is not unlikely that he 
was named after this eminent artist; but if this was the case, 
and if any hope was thex'eby symbolized that the bearer of the 
name would become a disciple of art, the hope was a delusion. 
The boy developed, in the schools of his native town, a special 
aftection and aptitude for mineralogy, geology, chemistry and 
the kindred physical sciences. In truth, the rapid and even 
romantic development of these branches, in the first half of the 
present century, gave them an irresistible attraction for studi- 
ous minds; and, no doubt, many an ardent young spirit, which 
might have become, a generation earlier, a devotee of poetry, 
literature, scholastic learning or art, was drawn to the pursuit 
of science. Moreover, it was at that period that science began 
notably to pay so that even a prudent parent might wmll 
consent to let his son adopt that path. At all events, this par- 
ticular father, a sturdy citizen of Schaffhausen, and himself 
possessed of no mean talents and accomplishments, was satis- 
fied to hold his only son closely to his studies, whatever they 
were. He was a stern taskmaster, and the boy got little time 
to play; but this was not a specially distasteful restriction. In 
boyhood, as in later years, he found his recreation in his work. 

His professional education as a chemist and metallurgist was 
completed in Germany — ^probably at Freiberg, though I have 
not been able to establish the fact; and there is also a tradition 
that he studied at Heidelberg, where, perhaps, he took his 
degree as Doctor of Philosophy — ^the department of ^^philos- 
ophy,’’ as is well known, including all branches of knowledge 
not comprised under jurisprudence, medicine or theology. 

He came to this country, I believe, somewhere about 1848, 
and, at the earliest period permitted by our laws, became a 
citizen of the IJnited States, and remained throughout his life 
a loyal and ardent American. 

My own acquaintance with him dates from about 1863, but 
others can recall his activity at earlier dates. Thus, Mr. Charles 
J. Eames, of Hew York, writes that he remembers Dr. Trippel 
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in 1857 as a consulting expert in that city, engaged in metal- 
lurgical researches, espeeiallj upon eoppcr-orcs. His Hew York 
office, and the consulting business carried on in eomieetion with 
it, he maintained for a considerable period, notrvitlisiandiug 
frequent, aud sometimes prolonged, absences. It was still his 
headquarters when I knew him first. Por sonic time ho had 
as associate the Belgian chemist and geologist, Prof. Eugene 
Graussoin; but while he wms still alone in business, it ivas his 
custom, when called away on professional work, to close his 
office without ceremony or warning, leaving a card upon the 
door, with the legend, “ Hone to South America (or some 
other remote locality) ; “ will soon return !” In such a case, 
“ soon ” might mean a month or a year. 

It is, of course, impracticable to give, in the ahsence of con- 
temporaneous records, a conseeutwe account of Ids activity. 
Perhaps his first important work was the ei'cction of sulidinr- 
works at Bergen Point, H. J., where he introduced improved 
methods for the manufacture of flour of aulplinr,Avlncli iit|rach‘d 
considerable attention. Between 1858 ami IXdd lie was asso- 
ciated with Captain Eaht, of the Ducktowii copper-mines in 
Tennessee, aud devised a scheme of treatment for (hr Duck- 
town eoppcr-ores, the success of Avhich redounded gnudly lo (lie 
benefit of his professional reputation. T believe tlmt Dr. TeU'i's, 
in his classical work on “ Modern Cojiper-SiueKing,” (pioles as 
authority some of Dr. Trippebs laboratory-results. 

About 1864 he designed the ffine-rolliug mills at thdhle- 
hem, Pa. 

Somewhat later he was engaged for a ])erio(l iu iron- un<l 
zinc-mining in Arkansas and Missouri. After tlial ht‘ confiiu'd 
his professional operations distinctively to the mining and re- 
duction of silver- and copper-ores in the n-gion west of the 
Eocky Mountains, and especially in Idalio, Hevaiia am I A rizoiia. 
lie erected silver-mills in Idaho, and at lime, Neva<la, he iutro- 
diioed, for the Kuickerhocker Mining Chiiiiiany, the li.\ivia- 
tion of silver-ores. In 1872, and for several years then‘aftm% 
lie was the metallurgist in charge of the Manhattan mill, at 
Austin, Nev. 

Still later he was in charge of chemical works in the State of 
Hew York; but in 1878 he returned to Neva<lu as superinten- 
dent of the Danville silver-mines, in Hye county, and from 1871) 
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to 1881 of tlie Morey mines in the same State. At about the 
latter date he was sent to Lower California, where he investi- 
gated the copper resources of the Boles district, making an 
elaborate report upon the subject. In 1882 he -became, for a 
short time, general manager of copper-mines in the Santa 
Clara province of Cuba. His next position was that of metal- 
lurgist of the Old Dominion Copper Mining Company at Globe, 
Ariz., of which company he became superintendent in 1884. 
His discovery of the new and rich ore-bodies upon which that 
company and its successors have operated ever since, reversed 
the previous unprofitable experience of the enterprise. He in- 
troduced notable improvements in the timbering of the mines, 
modifying the Comstock’^ or ^^Deidesheimer system of 
square sets previously used. At the furnaces, he managed to 
make smelting profitable in spite of the then enormous cost of 
transporting coke and other supplies into the camp. As an 
instance of these commercial difficulties, it may be remarked 
that, during part of his incumbency, the fuel used (West Vir- 
ginia coke) cost at Willcox, Ariz., on the Southern Pacific 
Railroad, $15.75 per ton of 2000 pounds, and the hauling by 
wagon from that station to Globe cost $30 per ton, making the 
cost at Globe $45.75 per ton. Before that time this cost had 
run as high as $50 and even $55 per ton. At present it is of 
course mucli lower than the lowest figures just given. 

Resigning this position in 1888, Dr. Trippel devoted his at- 
tention for a year almost exclusively to private mining enter- 
prises. About 1889 he superintended the development of the 
Arivaipa silvei*-lead mines, in Graham county, Ariz., and in 1890 
became superintendent of the Buffalo Copper Mining Company, 
at Globe. The properties of this company had remained un- 
workcd for many years, by reason partly of the limited quan- 
tity, and partly of the refractory character of the ore exposed. 
Dr, Trippel opened up new ore-bodies, and worked them suc- 
cessfully. 

In 1893 he became superintendent of the Phoenix (gold) 
Mining Company, at Cave Creek, Maiucopa county, Ariz. But 
he resigned this position and turned his attention to an indus- 
try which, although outside of his experience, offered the at- 
traction of pecuniary profit, coupled with the degree of personal 
repose which advancing age had led him to desire. I refer to 
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the business of horticulture, aided by irrigation, which is des- 
tined to make many parts of Arizona as productive of wealth 
as her mines. lie established at Mesa, in that Territory, an ex- 
tensive almond-orchard. At my last interview with him, but 
a few clays before his death, he told me that the results of this 
venture had been, to some extent, disappointing, not because 
the favorable eonclitions did not exist, or the hope of ultimate 
profit was a delusion, but because, like every other business in 
which time is an element, it required sufficient capital to place 
the investor in the category of those to whom all things 
come,^’ because they can wait.” I am told also (and I am 
quite ready to believe) that the relative repose of a landed pro- 
prietor, for which he had yearned, did not satisfy him when he 
had secured it ; and so, after a year or two of horticulture, he 
returned to active professional practice, becoming superinten- 
dent of the Eosemont Copper Company, in Pinal county, Ariz. 
It was during a visit to New York upon business connected 
wdth this company, that he contracted a cold, which devclo[)cd 
into pneumonia, and caused his sudden death, Noveml)cr 2(3, 
1896, at the age of seventy years. 

Dr. Trippel was a member of the Board of Experts of the 
Bureau of Mines, established in New York in the (>0's. This 
board comprised many of the foremost representatives ot* min- 
ing and metallurgical science in Now York City, and the sehn*- 
tion of Dr. Trippel by the trustees of the ])urean as one of its 
members was a recognition of his already ostablishcul ie(*lini(‘al 
ability. He became a member of this Institute in ^88^5. Ot 
his connection with other scientific socioti(‘s, at hoim^ and 
abroad, I have unfortunately no record, hut I understand that 
he was a contributor to various government rc])orts and tc<‘hni- 
cal periodicals. I possess a ])rinted copy of a paper by him, 
which was read in 1865 before the Ainerieau riiilosoplfuad 
Society.^ It is entitled : “ Reheating Punnua^ with (}as-n(‘ating 
for Anthracite,” and consists of an intelligmit and <*riti<*al d(‘- 
scriptioii, accompanied with drawings, of Hclnnzfs gas-gtaua^utor, 
then a recent invcaition. The paper describes a. reheating fnriuu*e, 
Avith this attachment, of the form and dimensions of those hnilt 
by John Fritz, at Bethlehem, where the author was then n'siding. 


Proc, Am. Phil Yol x., 1865-68, p. d. 
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As to accomplishments, it may be said that Dr. Trippel was 
master of several languages, and also that he was an ardent 
musician and a skilful performer on the flute. It is perhaps 
worthy of mention that, while a resident of Nevada, he, with a 
musical friend, discovered the talent of Miss Emma Wixorn, 
organized for her, in Austin, Nev., her first concert, and per- 
suaded her father to send her abroad for the musical education 
which resulted m her successful career as an operatic singer, 
under the stage-name of Emma Nevada. 

Personally, Dr. Trippel was both genial and generous, as 
many beneficiaries of his assistance and advice can testify. In 
politics he was heartily a Democrat, frequently representing 
his party in county and territorial conventions. In religion he 
was an Episcopalian, but I venture to believe that denomina- 
tional distinctions count for little beyond the pearly gates ; and 
therefore I see no element of inconsistency in the circumstance 
that his mortal remains were consigned to their last repose in 
the Moravian Cemetery, at New Dorp, Staten Island. 


Sulphur in Embreville Pig-Iron. 

BY GUY R. JOHNSON, EMBREVILLE, TENN. 

(Chicago Meeting, February, 1897.) 

It is a common observation among those engaged in the iron- 
business, that the lower (I'.e., the less graphitic) grades of pig- 
iron show a rough face on the pig. As such irons are always 
low in silicon, the generally accepted belief is, that this rough 
face is due to the absence of silicon. 

Certain investigations, however, made by the writer on 
Embreville pig-iron, and extending over nearly a year’s time, 
seem to indicate another cause, namely, the giving-off of in- 
cluded guises, particularly sulphurous oxide (SO.,). 

It is, of course, the tendency of such gases to rise through the 
iron, escaping into the air ; and the more liquid the iron, and the 
longer it remains liquid, the greater the chance for such escape. 
The lower grades of iron, being always colder, tend to solidify 
early, and before the included gases can completely escape. 
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A certain proportion, hoivever, does force its way np through 
the pasty' metal, which it pushes aside; and the iron, being too 
cold to flow back, remains in the position into which the gas, 
during its passage, has shoved it, thus presenting, on cooling, 
a pitted appearance. 

The tables given below, exhibiting the results of analysis on 
a number of samples of pig-metal, seem to indicate the correct- 
ness of this view. A study of these tables will show that when 
the iron chilled promptly, the sulphur contents wci'e found to 
be much higher than otherwise. 

If this theory' is correct, the question arises : Is it not pos- 
sible, in ordinary foundry-practice, to get rid of the sulphur 
by simple heating, followed by vigorous stirring of the liquid 
cast-iron ? To test this, the writer has had several experiments 
made in the cupola of the foundry belonging to the Emhrevillo 
estate. Owing to the small size of this furnace, it has been im- 
possible to heat the iron to the temperature desirable. The 
mean of the experiments, however, showed a reduction of one- 
hundredth of 1 per cent, in the sulphur percentage of the iron 
as poured direct from the cupola, eflected by pouring the same 
iron into a ladle and vigorously stirring it. 

The writer wishes to acknowledge the services of Mr. George 
F. Eldridgc, chief chemist of the Embreville esfate, who made 
all the analyses required to test this theory, and n-ho.so explana- 
tory notes are given below. 

Method of Drilling . — Hinc holes were drilled in the fractured 
end of cacii pig, in the relative positions shown by Eig. 1. 


Fra. 1. 



Relative Position of Drill-Samples. 

The ilualyscs of each drill-sample arc given in the ta1)lett in 
tlic following position : 

1 4 7 

2 5 8 


3 6 


9 
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The tables contain also diagrams showing the form of the 
pig, which, as will be seen, varies considerably by reason of the 
wear of patterns, incomplete filling of mould, etc., and also by 
reason of a change made in the shape of the patterns during 

Table I. — No, 1 Foundry-Irons, 

Furnace-Pieces. Sample-Pig from Cast. 

ANALYSIS. PERCENTAGES OF SULPHUR. 


Test No. 

Cast No 

Silicon 

Sulphur 

Phosphorus 

Fnacture Shape of Pig 

1-2-3 

4-5-G 

7-S-9 

1 

755 

2.25 

0.024 

0,182 

No.l P 

O 

0.033 

0 020 

0.005 








0 034 

0 021 

0.004 








0.030 

0 020 

0.005 

2 

203 

1.37 

0.021 

0.237 


CD 

0.035 

0.019 

0.004 








0 030 

0.019 

0.006 








0 032 

0.020 

0.007 

3 

819 

1.25 

0.013 

0.254 


o 

0.010 

0.010 

0.008 








0.017 

0.011 

0.005 








0.018 

0.011 

0.005 

4 

811 

1.94 

0.019 

0.262 



0.034 

0 018 

0.005 








0.035 

0 021 

0.006 








0.030 

0.021 

0.005 

5 

2 n 

1 99 

0.023 

0.181 


o 

0.030 

0.022 

0.004 








0.032 

0 020 

0.004 








0.033 

0.019 

0.004 

G 

840 

2.10 

O.OIG 

0.144 



0.022 

0.016 

0.009 








0.024 

0.017 

0,008 








0.024 

0.017 

0.008 

7 

193 

1.05 

0 023 

0.229 

51 

o 

0.030 

0.017 

0.005 








0.036 

0.016 

0.006 








0.032 

0.017 

0.006 

8 

220 

1.95 

0.023 

0.182 



0.028 

0.020 

0.012 








0.026 

0.019 

0.015 








0.026 

0.018 

0.011 

9 

G 70 

2.00 

0.011 

0.175 



0.015 

0.013 

0.009 








0.017 

0.013 

0.007 








0.019 

0.012 

0.010 

10 

203 

1.37 

0.021 

0.237 

jj 

a 

0.031 

0.020 

0.005 








0.02 S 

0.022 

0.004 








0.032 

0.019 

0.005 
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tlie period of these experiments. The various forms shown are 
referable to two classes, both being inches wide at the top, 
and one of them 3|- inches deep, the sides being vertical for 2 
inches, and the lower pai’t being a semicircle on a radius of If 
inches ; while the other is 4 inches in total depth, and tapers 
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in width from 8| to 2 ^ inches, the bottom being a semicircle 
on a radius of 1 J inches. 

Some of the diagrams in Tables V. and VI. are crossed by 
horizontal lines, indicating the boundary of the closeness of 
structure in the fracture. 

Method of Ajialy sis. —Evolution by HCl, absorption by KOH, 
Table II. — No. 2 Foundry-Irons. 


Furnace- Pi ECES. Sample- Pig from Cast. 

ANALYSIS PERCENTAGES OF SULPHUR. 

Test No Cast No. Silu-on Snlphnr PhospTioin<s Tractme Shape of Pig 1-S~3 7-8-9 


11 

383 

186 

0.012 

O.ISO 

No.2 P. 


0.020 

0.019 

0 019 

0.013 

0.010 

0 010 

0 005 

OOOG 

0,000 

Vi 

m 

1.56 

0 044 

0.170 


V7 

0 0G8 

0.050 

0.020 








0 072 

0.014 

0 018 








0 071 

0.040 

0 021 

13 

220 

1.05 

0.023 

0.182 



0 035 

0.025 

0.009 








0.032 

0 020 

o.on 





_ 



0.020 

0 020 

0 010 

14 

203 

1.37 

0 021 

0 237 

n 

EZJ 

0.028 

0.019 

0.012 








0.029 

0.020 

0 018 








0.033 

0.022 

0.012 

15 

781 

157 

0.031 

0 260 


E? 

0.0J3 

0 027 

0.015 


1 






0.050 

0.031 

0.017 


1 






0.0(8 

0 032 

0.011 

IG 

814 

1.74 

0.012 

0.256 


IS? 

0.017 

O.OlO 

0.tK)l 








0.019 

0.012 

0.001 






1 


0.019 

0.012 

O.OOO 

ir 

238 

1.79 

0,028 

0 199 



0.038 

0.028 

0,(H)7 








0.039 

0.020 

O.(KH) 





I 

1 

1 

0.0 (2 

0.020 

0.007 

18 

CO 

1—1 

Gt 

1 88 

0,029 

0184 

n 

1 


0.037 

0.025 

0.018 






1 


0.0 il 

0.028 

0.015^ 






1 

1 

' o.ou 

0,025 

0.017 
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titration with iodine. Embrovillo iron partw with all i(H huI- 
plmr by evolntion-methodfl ; Irat in tins work ahoiii (nie-fentli 
of the residues Averc examined for sulphur. None! was found. 
Of the total mnnlber, of residues examined, ahout oiui-hull' w'ere 
from drillings of the close portions of the pig. 

Nota^ CM the Work . — The work ijicdudes all pigs (‘.vainined, 4.'5 
in nnmhei’. Of those, 25 (Tables I., U. and III.), having the 
fracture of No. 1, 2 and 3 foundry, show the sulphur jit. the 



Table IH. — No. 3 Foundry-Irons. 


Furnace-Pjeces. Sample-Pig from Cast. 

ANALYSIS. PERCENTAGES OF SULPHUR. 

Test No Cist No. Silicon Sulphur Phosphoios Fmctnre Sh.ipe of Pfg 1-2-3 4-5-6 7-8-9 


19 

524 

1 54 

0.084 

0 14G 

Ko.3 E. 

C7 

0.140 

0 142 

0 148 

0 090 

0.080 

0 075 

0.022 

0.028 

0 034 

20 

3 Fdy Lot 

1.S6 

0.111 

0.152 


XJ 

0.152 

0.090 

0.038 








0.141 

0 098 

0.042 








0.145 

0.110 

0 029 

21 

525 

1 Cl 

O.OSl 

0.200 


ZJ 

0.052 

0.034 

0.018 








0 050 

0 025 

0.020 








0,048 

0 028 

O.OIG 

22 

304 

1 .30 

0.012 

0.347 


ZJ 

0.020 

0.013 

0 008 








0 

1 

0 013 

0 009 








0.019 

0 01*3 

0.006 

23 

782 

1 29 

0 021 

0 239 



0 042 

^ 0 028 

0.015 








0 040 

0 024 

O.OIG 








0 040 

0 022 

0.012 

24 

821 

1 88 

0 011 

0.229 


d 

0.015 

0 010 

0.005 








0.017 

0 013 

0 004 








0 019 

0.013 

0 004 

25 

523 

2 28 

o.ori 

0.167 


zy 

0.11.3 

; 0 082 

0 051 







1 

0128 

0.088 

0 043 








0109 

0 078 

0 043 
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Table IV. — Groy-Forge Irons. 


Furnace-Pieces. Sample-Pjq from Cast. 

ANALYSIS. PERCENTAGES OF SULPHUR- v. 

Test No Cast No. Silicon Sulphur Fhwphortis Fr^tctme Shape of Pig 1-2-3 i-5-6 7-8-9 


20 

745 

0.83 

0.023 

0.217 

GF. 


0 026 

0 025 

0 025 

0 025 

0.025 

0 024 

0.022 

0 026 

0.026 

27 

312 

0 GO 

0 078 

0.176 


ZJ 

0.082 

0.081 

0.079 








0.079 

0.080 

0 083 








0 077 

0 083 

0084 

28 

278 

0 55 

0 109 

0 211 


W 

0 115 

0 121 

0.110 








0.118 

0.113 

0.118 

1 







0.120 

0 122 

0.120 

29 

313 

0.02 

0 140 

O.IGO 



0.152 

0.143 

0.150 








O.IBO 

0 149 

0.152 








0.155 

0.150 

0145 

30 

300 

1 22 

0.016 

0 243 

” 

zy 

0.010 

0.019 

0.019 








0.018 

0 020 

0 019 








0.017 

0 018 

0 020 

81 

50 

2.80 

0 133 

0 334 


zy 

012,8 

0.130 

0.139 








0 132 

0.125 

0.138 








0.132 

0 132 

0140 

82 

54 

2.39 

0.108 

0 249 


zy 

0100 

0.110 

0.113 








0.099 

0.112 

0.108 








0.098 

0 107 

0.100 


Aincncaa Bank Note Co .N Y. 
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Table Y . — Irons not Uniform in Fracture. 

Furnace- Pieces. Sample-P/g from Cast. 

ANALYSIS PERCENTAGES OF SULPHUR 


Test Xo. 

Cast No. 

SiliLon 

Suliilmr 

Phosphonis 

Fiactiue Shape of Pig; 1-2-3 

1-5-G 

7-S-9 

33 

3 Fdy Lot 

1 86 

0111 

0 152 

No 3F 


0.09S 

0 084 

0.077 








0 095 

0 093 

0 074 








0 060 

0 0S3 

0 065 

34 

364 

1.36 

0.012 

0 347 


-tzY 

0.016 

0.011 

0 005 








0.015 

0.017 

0 004 








0 015 

0 018 

0 005 

35 

312 

0.G6 

0 078 

0.17G 

GF 

■S' 

0.127 

0125 

0115 








0.127 

0 125 

0116 








0.127 

0124 

0.115 

36 

GOS 

0.47 

0 032 

0.191 

IVIiite cLutti 


^1 

o 

o 

0.042 

0 022 








0 025 

0 0 10 

0 021 








0 025 

0 0(2 

0 022 

37 

313 

0 62 

0.140 

0160 

Mottled 

w 

0165 

0 137 

0.166 








O.IGO 

0.125 

0.170 








0180 

0.137 

0.180 
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Table YI . — Irons Giving Apparently Ahnorynal Resu'h. 

Furnace-Pieces. Sample-Pig from Cast. 

ANALYSIS PERCENTAGES OF SULPHUR. 


Test No. 

C.vst No. 

Silicon 

Sul}>hur 

rhosi)houi8 

Fracliiie 

Shape of PIr 1-2-3 

1-5 fi 

7 .S 9 

38 

193 

1 03 

0.023 

0.229 

No 1 X. 
IJuifoiinlj (iji 

.OJ 

0.015 

0.015 

0.001 








O.OIG 

0.016 

0.001 








0.017 

0.020 

0.01)1 

39 

203 

1.37 

0.021 

0.237 


ZU) 

0.025 

0.020 

0.021 








0.021 

0.019 

0,021 








0.025 

0.019 

0.022 
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bottom of the pig to be fi'om one-fourth to one-half of what it 
is at the top, the percentage at the center being a mean. Of 
the remaining 18, the 7 contained in Table TV., having a gray- 
forge fracture, show uniform sulphur throughout the face, 
while 5 (Table V.), having a non-uniform fracture (close in 
parts), indicate an increase of sulphur at the closer points of 
the fracture, and 6 (Table VI.) give results not to be expected 
from the indications of the preceding tables. Change in the 
dimensions of the pigs apparently does not modify results. In 
many cases a single cast has furnished samples to more than 
one exhibit. 

For uniform fracture, the mean of the three levels is very 
close to the results got from furnace test-pieces. 

In lower grades difterenees are apparently smaller than in 
higher ones. 


The Spitzkasten and Settling-Tank, 

BY R. H. RICHARDS AND C. E. LOCKE, BOSTON, MASS. 

(Chicago Meeting, Februaiy, 1S97.) 

In Soi-ting Before Sizing” (a paper first announced at the 
Pittsburgh meeting, February, 1896, but delayed in prepara- 
tion and now presented at the present meeting) it is shown 
that if slime-tables are to do their best work on slimes below 
0.5 mm. or 0.02 inch in diameter, they must be carefully sorted 
or classified, and fed to a series of tables suitably adjusted to 
the different slime-sorts. The reason is that the coarser and 
finer slime-sorts require respectively different adjustments of 
the tables. Hence, if the two are fed together upon a table 
which has, as nearly as may be, average adjustments, fine 
galena, for example, will go into the tails, or coarse quartz into 
the heads, or both — losses which could have been largely pre- 
vented if the slime had been carefully sorted and each sort sent 
to its own slime-tables. 

As indicated in the paper just mentioned, the present tend- 
ency in this country is generally to do away with shrne-sorting 
or classification,” and simply to take the overflow from the 
hydraulic classifier and divide it among the tables by means of 

VOL, XXVIT. — 17 
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a distributing-tank. We must therefore look to the old country 
to see what means of slime-sorting have been approved. 

The Siritzkasien is the only apparatus recognized by sucli 
authorities as Rittinger and Linkeiibach. Reducing Rittinger s 
Austrian measures to metric units, we find that in 18()G ho 
recommended for 100 liters per minute of slime the tollowing 


dimensions : 


1st box, 
2d 

3d ‘‘ 
4th 


Width inm Leiici'th inm. 
100 1390.6 

200 2845.0 

400 3793.2 

800 4741.5 


And so on. As each now box is added, it widens in geo- 
metrical progression, and lengthens in arithmetical progression, 
the pointed boxes; twice the quantity of slime will require 
twice the width throughout, the length remaining tiie same. 

Liiikenbaeh (1887) recommends for 100 liters per minute of 


slime : 

Wullli linn Tii'iifrlli mm. 

Istlox, .‘>ti(IO 

2a “ 8-12 -1S0(» 

3 a “ 61 a (ilHK) 


With the same rule for increased quantity. I>olli authorities 
declare that 50° is the minimum angle that can allowed lor 
the sides of the box, but their diagrams mostly show as much 
as 68° for the minimum angle. 

Rittinger, wlio was the inventor of the (k‘S(U*ibc‘S 

its action as a separation in a horizontal current according to 
the law^ of equal-settling particles. In the light ot‘ rixamt in- 
vestigations wc prefer to use the term free-set tlingd' lie 
says, further, that, in order to prevent slime fnan depositing, 
the sole of the feed-distributor should descend to t!u‘ inlet <d‘ the 
box at an angle of 1° 15', or 0.25 inch to 1 foot for the coarser 
sorts, and 0° 6.25' or 0.02 inch in I foot for the liner sorts, 
and should enter at the exact kwel of the exit. Linktmba<Oi 
favors raising the sole of the feed-distributor to 1 or 2 inclK^s 
above the eutramte, for the same purposes 

For the last box, Rittinger favors destroying tlu‘ surfa<‘i‘-i*ur- 
rent l)y an inverted dam, making thereby a settling-tank of 


* See “The Cycle of the riun^^er-Jig,’’ 


xxvL, 3. 
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this box. Linkenbacli favors cutting up the boxes, when they 
are large, into two smaller sets, thereby discharging the spigot- 
products at a higher level, and diminishing the weight of the 
loaded apparatus. 

Both authorities make note of the fact that the SpUzkastea 
gives only an approximation to true soiling according to the 
law of free-settling particles, but neither authority tells wherein, 
or how far, the Spitzkasten departs fi*oin perfect sorting. 

In these directions the authors have sought to suj^ply some 
missing data, and the lines which their investigation has taken 
are : 

I* — The horizontal current; what is its form and what 
becomes of it ? 

II. — The feed-distributor; what is the effect upon the current 
of varying the angle of slope of the feed-sole ? 

III. — Can the current be so confined as to make it a true 
horizontal current ? 

All these investigations require some means of coloring the 
liquid composing the surface-current, of seeing it when it has 
been colored, and of picturing it for future study and compari- 
son. ‘Milk of lime, added to the water, was found to be the 
best coloring-matter ; a tank with one side of plate-glass per- 
mitted the colored current to be seen, and photography fur- 
nished the means of preserving its form, so that it could be 
studied at leisure. 

The tank which served for a pointed box is 47.5 inches long, 
23.75 inches deep and 8 inches wide (inside measures). The 
outlet is 2.375 inches below the top of the tank. It has a 
plate-glass front, and is otherwise painted black inside, Witliin 
it are two cross-partitions, 17 inches long and 8 inches wide, 
sloping 58^^ from the horizontal. One, called the tail-partition, 
slopes downwards and inwards from the outlet; the other, 
called the headqiartition, slopes downwards and inwards 
from the end of the feed-sole at the inlet. Both are bevelled, 
to give a sharp, true edge of contact. They are loaded with 
lead, to sink them ; suspended by fine wires, to support them ; 
and wedged in place and made practically water-tight at the 
sides by tacking on a strip of gunny-sack. The feed-sole, 12 
inches long by 8 inches wide, is packed and held by the same 
means as the partitions. Water is brought by two hose-pipes 
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and distributed by two pipes with many holes, to give an even 
current. 

Thus made, our Spitzkasten is like that of Eittinger in every 
respect, except that we used no sj)igot to discharge water 
below, and our sides are vertical (which, indeed, is tlie ease also 
in some of Eittinger's boxes). 

As representing nearly the speeds of the three boxes of Lin- 
kenbach for a width of 8 inches, three rates of current were 
selected, namely, 190, 120 and 85 pounds of water per minute 
respectively.''^ 

In our experiment the water wms weighed with bucket and 
spring-balance. The feed-sole was placed horizontally and on 
a level with the outlet. 



Diagram Showing Method of Calculating Overflow for Difl’erunt Currents, 


In each experiment the wmtor-quantity wuis nnaisunMl; tlie- 
water-current was allowed thoroughly to establisl) itsiE*; tlu^ 
milk of lime was added till it had just defined the main cur- 
rents ; and the liasli-light i)icture was then taktm. 

I. — The Form oe the Current. 

These experiments are shown in Idatcs I. and IL, Plati^ 1. 
exhibiting the current of 190 ])ounds and Plate II. that, ol’ Ho 
pounds of water per mimite. These [hites show, in tiu' first 
jilace, that the surface-current has the Ibrin of a wedge, widiui- 
ing [Le. deepening) towards the outlet, and having, tor the (uir- 
rent of 190 pounds per minute, an apex-angli^ ol‘ 1 1^^, and lor 
85 pounds 24.5°. The angle found lor the EJO-jumnds mirrent 

^ Tlie exact figures should have hoou Iflfl, IflO.T) and 87 pouiHls for tin* widtli 
of 8 inches. The error was made by accident, but the tiiflereuee is of no moment 
in this connection. 
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(not illustrated by a plate) ^vas 16.5®. Tlie water composing 
these wedges is most rapid on the surface (where the fiuction of 
the air may be disregarded), and the surface-velocity is : For 
190 pounds per minute, 10.84; for 126 pounds, 8.29; and for 
85 pounds, T.05 inches per second. The velocity decreases 
with increasing depth, until at the bottom of the wedge it does 
not exceed: For 190 pounds per second, 8 ; for 126 pounds, 2 ; 
and for 85 pounds, 1 inch per second. 

These wedges are the result of the mixing of the so-called 
stagnant water below with the surface-current by an action to 
which we shall refer as head-suction^ or upward current on the 
head-partition, which widens them and slows their speed. 

In the second place, it will be noticed that there is a wide 
under-current or eddy, returning down the sloj^e of the tail- 
partition, and carrying with it a portion of the slime, which 
should be taken to the next box of the series, but which passes 
instead down the tail-partition to the bottom and then up the 
feed-partition to rejoin the wmdge. This current shows much 
more plainly in Plate I. than in Plate II. In the latter, the 
lime had not quite reached it when the picture was taken. From 
this under-current the spigot obtains its w^ater-supply, and the 
fine slime contained therein joins with and contaminates the 
slime-sort which rightly belongs to that spigot. 

Thirdly, we notice in each of the plates that there is a top- 
layer which passes off at the outlet. 

An approximate estimate was made of the two quantities : 
namely, that going over the outlet, and that passing down in 
the under-current In Figs. 1, 2 and 3 the horizontal dimen- 
sions represent velocities ; the vertical dimensions, the thickness 
of the two currents. The former were measured during the 
experiment, and the latter on the plates. Fig. 1 represents the 
feed-current of 190 pounds of water per minute; Fig. 2 that 
of 126 pounds; Fig. 8 that of 85 pounds. From these dimen- 
sions and the width of the Spitzkasten (8 in.) we can compute 
the following values : 


Water per Minute. 

Overflow. 

Pounds, 

Cubic Indies per Second. 

190 

86.6 

126 

57.7 

85 

39.6 
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These results were checked by weighing the overflows with 
scales, the result being : 


Water per Minute 

Overflow 

Pounds. 

Cubic Inches per Second. 

190 

87.7 

126 

58.0 

85 

39.2 


We get also as the measurement of the under-current: 


Water per Minute. 

Under-Current 

Pounds. 

Cubic Inches per Second. 

190 

134.5 

126 

263.4 

85 

230.7 


These figures show an extraordinarily large quaiitity of slime- 
charged water sent down into the stagnant pool in pro]')ortion 
to the feed and overflow. There are, to be sure, errors in the 
computation. F or example : 

(1) The mean velocity of the top-layer for the whole length 
is used for the top-measure, while the point under dis(*nssion 
is out where the wedge forms a junction with the tail under- 
current, and this velocity would be less than the mean ; (2) the 
line a 5 is assumed to be a straight line, while it may not la‘ 
so. Neither of these errors is believed to afleet seriously tlu‘. 
result, which shows that the quantity of slime-(‘harged wat<u* 
going away by the overflow is much smaller than that going 
down to revolve around in the stagnant pool. It is true that, 
the upper layer is probably much more concentrated than the 
lower, and this fact is in favor of the apparatus. We not i^ also 
that while the high speed (190 pounds) makes a narrower angk‘. 
of wedge than low speed (85 pounds) it nearly nullifies this 
advantage by the high speed of the tail-undercurrent. 

The authors are of the opinion that a Hat layer which eonu‘s 
in at the feed and goes out at the outlet Avifhout. tbrming a, 
wedge with its tail-undercurrent and head-suetion is tlu‘ ich^al 
condition to be attained, if possible, and that th<‘ mon* any 
particular form departs from that ideal the. more unsafishudury 
it is. 

TI. — The Slope of the FekikSole. 

A series of trials was made to get tlu^ l)est slopt^ of tlu^ fe(‘d- 
solc. The angles tested were 0°, 5®, 8"^, 10®, 15®, 20®, 25®, 
28® fSO^ and 30®. Of these, 5® to 10® gave the narrowest 
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angle of wedge with all the different water-quantities. This 
conforms with Eittinger’s and Linkeiibaeh’s requirement, 
namely, that fine slimes must he prevented from settling on 
the feed-sole. 

Plate III. represents the current of 19Q-]pound water, with 
5° feed-sole sloj^e. Angles larger than 10*^ tended to widen 
the wedge somewhat, and showed no gain to compensate for 
the loss of head. When 30° was reached a curious change 
took place. The whole current followed down the slope of the 
head-partition and formed a head-undercurrent, that is, a cur- 
rent at the feed-end, like that shown in Plate IV. Since 30° 
is more than half of 58°, the sole was set at 28° 30^, or about 
one-half of 58°; and the curious phenomenon was then ob- 
served that the feed-current was indifferent as to which of the 
two ways it would go, namely, as a head-undercurrent or as a 
horizontal surface-current. By placing a bit of iron-plate under 
it, it could be guided to become a surface-current, and by plac- 
ing the sheet-iron over it at the proper angle, it could be de- 
flected downwards and become a head-undercurrent. But it 
absolutely refused to take any intermediate position. It was 
either surface-current, like Plate L, or under-current, like Plate 
IV., and, when once directed, it would continue to flow as 
directed after the guide-plate had been removed. 

Next a special set of variations in feed-slope was tried, com- 
prising the following forms : 

1. A catenary curve having 6-inch drop and 6dnch advance. 

2. A cycloid curve, drawn by 6-inch circle, imlling on a 
straight line. 

3. A 'horizontal feed-sole, de]3ressed 1 inch below the over- 
flow. 

4. A horizontal feed-sole, raised 1 inch above the overflow, 
and meeting the head-partition at an obtuse angle of 122°. 

5. A horizontal feed-sole, raised 1 inch above the overflow, 
its end being cut off square. 

The catenary (No. 1) gave a higher speed than the 5°-slope 
feed-sole ; but no gain in angle of wedge or diminution of tail- 
undercurrent was observed. 

The cycloid (No. 2) gave the most rapid current of all; but 
no gain in wedge-angle or diminution of tail-undercurrent was 
observed. 
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■When the horizontal feed-sole was depressed 1 inch (No. 3) 
it s^are a wedge-angle of 25° for 190 pounds water, which Avas 
wider and more unsatisfactory than that shoAVu in Plate II. for 
86 pounds. 

When the horizontal feed-sole was elevated 1 inch (No. 4) 
aboA^ethe outlet, and the feed-sole and head-partition mot at 
an edge obtuse angle of 122°, there resulted a head-uuderenr- 
rent, shoAvn in Plate IV., like that gNen by a 30°-slope, the 
horizontal current having disappeared altogether. 

When the horizontal feed-sole Avas elevated 1 inch, but the 
end of the board was saived off square (No. 5), a case of equi- 
librium AAms presented like that of the feed-sole sloping 28° ^>0'; 
a plate-iron guide could cause it to establish either a surlace- 
eurrent or a head-undercurrent, and, once established, the 
Avater would floAV on in the course allotted to it, until it Avas 
disturbed. 

Our conclusion is that a flat feed-sole, sloping o°, and j()ining 
the head-partition at the level of the overflow, aa'III gi\'e the 
best results. 

By the experiments recorded aboAm avc ai’C satisfied tlial the 
Spitzkasten is not a scientifically exact instrument. The trom- 
mel, jig, Spitzhittc and separator, Avhcu vAmll constructed, and 
the slime-table, AAdien properly adjusted, are all sc‘ient.ifi(;ally ac- 
curate instruments ; that i.s to say, when fed AA'itli suiiahle ma- 
terial, and not overfed, they will all do perleet Avork. They 
depart from scientifiic accuracy only throvigh ovur-ti'eding, or 
through the feeding of material tliati.s not suKcei)til»h> of pm-- 
feet AAmrk, or through imperfect construction. ''Hie first t.AVo of 
these causes arc duo to the demands of cennmeree; the last, to 
ignorance. 

" The Vpitzlmten, on the other hand, is scientifically imperfect. 
It cannot be fed Avith such a product, or at sindi a- speed, or so 
adjusted to suit its food, that it will do perfect work. There 
is always the tail-uudcrcurront to e.oiitamimdc the product from 
the spigot. 

Can this defect bo cured in anyAvay? Tliree ineaiw lums 
been considered, consisting in tlvo use, respectively, of 

a. A balanced hydraulic Avator-stipply ; 

b. An upAAurrd current of hydraulic Avatcr ; 

c. A perforated hoard. 



Plate I 



Feed Ilorizontal^and Level with Outlet. Current, 85 Pounds Per Minute. 



Plate III. 



Plate IV. 



Feed Horizontal ; Elevated 1 Inch. Current, U)0 Pounils I\'i' MlmUe* 
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XTnder a and S, by balanced hydraulic 'vrater is meant an ad- 
dition of hydraulic water, which will exactly supply the spigot 
wdth the right quantity of water, no more and no less. This 
is a difficult thing to do. A slight excess of water, that is, an 
upward current, will prevent the free discharge and cause a 
troublesome accumulation of products in the box; while a 
slight deficit will carry down contaminating fine slimes. This 
quantity, however, may be insignificant. 

The method of applying this water by a vertical-tube inside 
the box is not approved by the authors, as it will seriously dis- 
turb the surface-current. If hydraulip balance-water is to be 
used, it should be put on outside with the T and plug* or T 
and goose-neck discharge. f The authors are of the opinion 
that one of these discharges, Avith a slight deficit of hydraulic 
water, is the most practical suggestion to offer. 

Under c (perforated board), a |-inch board was perforated 
with -|-inch holes, which were 1 inch from center to center on 
the cross-rows, while lengthAvise the rows were 1 inch apart 
from center to center ; but the holes of one cross-row were 
staggered |-inch with the holes of the next. This was done 
throughout to give the grains full opportunity to fall through 
the holes. 

This perforated board was 47 J inches long, of Avhich 12 
inches Avas blank, and served for feed-sole, Avhile 35| inches 
AA^as perforated, as above described. The board Avas placed 
horizontal, with its top-surface on a level Avith the OA^erflow. 

Tlie apparatus AA^as, , therefore, a continuous acting Mmie 
(German) or mn (Cornish), in AAdfich the grains suitable for de- 
posit at any time could drop through the holes, and those not 
suital)le could l)e carried forward. Plate V. illustrates a cur- 
rent of 190 pounds per minute. It appears very satisfactory to 
the eye. The mixing of fine slimes with the spigot-produet is 
greatly reduced. The picture for 126 pounds of current was 
nearly as good as Plate Y. But the picture, AAffiieh illustrated 
85 pounds current, falls away considerably, and cannot be re- 
garded as representing good work. 

This perforated board must have, at least, a balanced hy- 
draulic water. It is quite possible that if the hydraulic is in- 

See Gold Amalgamation, McDermott and Duffield, Plate III., Fig. 1, 
t See Rittinger’s Spitshite” in his Aufbereiiungakunde, Fig, 18v>6. 
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trodueed in the stagnant-water space, with means to break up 
its current, a noticeable upward current could he used, which 
would go far towards keeping out altogether the objectionable 
fine slimes, and towards the yielding of a product truly sorted, 
according to the law of free-settling particles. Such a hy- 
draulic should be applied as a horizontal current for the whole 
width of the box, aud directly beneath the feed-sole. 

The authors are aware that a perforated board has been 
used in France. They, however, did not know of its existence 
until after the work here recorded was done. They are aware, 
also, that the Kohiuoor mill, in Missouri, has a Spitzkasten with 
a first box supj)lied with a horizontal lattice-work. 

Tub Settling-Tanks. 

The overflow from a Spiizkusten with balanced hydranlic 
water must go to a settling-tank to extract the pulp which is to 
feed the last table, as the slime-water has not been lessened, 
and may have been increased, in volume by its passage Ibrough 
the Spitzkasten. 

The plates accompanying this paper throw a good deal of 
light upon settling-tanks. A settling-tank whicli is fed will) a 
horizontal current at the surface will have a, bad snrla<‘e-eur- 
reut of wedge-shape, which will probably liave an angU' not 
narrower than 12° or wider than 25°, according to the way (he 
current is introduced. If it is fed above the surfa,ee, iti will 
produce a head-undercurrent, which is as bad as llu' surlaee- 
eurreiit. If it is fed with a plunging stream, this will pass (o 
the bottom and flatten and form ’a bottom-undereuriamt. All 
these ways of feeding are, therefore, bad. 

To make the most of a settling-tank, the eurrenl. feial- 
slirae must be brought to api)roximate rest as soon as possibUs 
after entering the tank, and a very slow inovi'meid must be 
established, which is of uniform velocity from top (o I)o((om 
and from side to side. An even surfiuie-distributor across (he 
inlet-end, deep enough to slow the current greatly, and with a 
bottom stoop enough to pnwent the settling of slinu*, ami this 
followed by two gratings made up of vertical bars 1 inch s(piare. 
with 1 inch spaces, the bars of the second grating staggered 
with those of tlie first, will probably prove satisfactory. 
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The Calorific Value of Certain Coals as Determined by the 
Mahler Calorimeter. 

BY N. W. LORD AND F. HAAS, COLUMBUS, OHIO. 

(Chicago Meeting, February, 1897 ) 

This paper gives the results of experiments conducted in the 
metallurgical laboratory of the Ohio State University ivith the 
objects of determining: First, the calorific powers of a number 
of coals in general use in Ohio ; and second, how far ordinary 
analytical methods could be used as a basis for computing these 
values. Incidentally a test of the performance of the calori- 
meter was involved. 

The chemical work has been carried on in the department 
for some time, so that the whole investigation has extended 
over three or four years. The Mahler calorimeter was pur- 
chased from L. Golaz in Paris, and is practically identical with 
the one described and figured by Mahler in his monograph 

Contribution a rfeude des Combustibles,” from the Bulletin 
de la Soeiefe Encouragement 'pour V Industrie Naiionale, A figure 
and description is also given by William Kent in The Mineral 
Industry for 1892, page 97. 

There were furnished with the instrument three thermome- 
ters covering a range of from 7^.5 C. to 31° C. Thermometer 
(17°. 5 to 31°) was carefully calibrated by reading the 
ends of a thread of mercury in sixteen positions covering the 
whole scale, supplementing this by readings of longer threads 
and deducing the errors of scale by the method published by 
Prof, Holman in the Technology Quarterly of September, 1887. 
The maximum error of a single reading was found to be 0°.0042 
0. Thermometer “B” (13° to 25°) was compared directly 
with A ” over the scale common to both, and a variation was 
found of 0°.0145 0. for 7°.5 *(or 0°.002 for 1°) of the scale. 
Thermometer 0 ” (7°. 6 to 19°. 0) was omitted from the com- 
parison, as it was rarely used, being only required where 
measurements were made at low temperatures. From the 
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above figures it was concluded that for the differences of tem- 
perature measured in the calorimetric determinations of the 
coals in question (2°.4to 2°.8 C.) the readings could be relied 
upon to within 0°.005 C., which ’would correspond to about 
fourteen units. 

The unit of all the heat measurements in this paper is the 
quantity of heat required to raise 1 gramme of water 1° C. at 
laboratory temperature (15° to 25° C.). The heating powers 
can be converted into their equivalents in British thermal units 
by multiplying by nine-fifths. 

The Avater-equivalent of the calorimeter was determined by 
adding to the calorimeter containing the bomb in position, and 
supplied Avith 2200 grammes of water, weighed amounts of 
warmer AA’ater of accurately knoAvn temperature, and determin- 
ing the temperature-differences produced. Three final deter- 
minations gaA'e 472, 464 and 465 for the Amine sought. Tim 
value 465 aa’Rs adopted in the work as being the most ivliable. 
This constant, calculated from the weights and specific heats of 
the calorimeter and bomb, was 482, hut OAving to the tai't that 
a portion of the calorimeter-hucket and the bomb-valve is not 
submerged, it is evident that this figure is too high. 

The amount of water used in the calorimeter for the deter- 
mination of the heating-powers aa^rs 2400 grarnmes. This, 
added to the water-equivalent of the instrument, gives 2865 as 
the total water-equivalent used in the calculation. 

In all cases the samples of coal Avero prepared as for analysis 
by breaking up, mixing and quartering large amounts of the 
coal, and finally putting the last portions through a line sit'vc 
(at least 60-mosh). They Avere kept in tightly corked bottles 
until used. Those received from Dr. Dudley eanu^ in glass- 
stoppered bottles. The samples so prepared were used both for 
the analysis and for the calorimetric teat. In the ease of a Ccav 
of the coals the samples Avero in large glass jars (having btam 
through J“inch sieves), and the analysis and calorinietrie deter- 
mination was made on different small samples piaqiared from 
this same large one. The objection noted by Mahler to tlu' use 
of a finely pulverized sample, as giAung loss from coal hloAvn 
away by the oxygen entering the bomb, Avas overeome by the 
method given by ITempcl [Gas-Amlyds, p. 355). Tlu* jmlver- 
ized coal aaus compressed imder a scroAV-press by a steel piston 
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in a hole bored in a block of east-iron, forming a little briquette 
which was used in the combustion. No trouble whatever was 
experienced in getting perfectly coherent cylinders from any 
of the coals tested. In fact these would stand quite rough 
handling without breaking. The briquette of coal was accu- 
rately weighed before putting it into the tray of the calorimeter. 
The amount taken never varied more than 25 milligrammes from 
1 gramme, and all results were calculated to 1 gramme. It will 
be seen from this that all the determinations of heating-power 
given in this paper represent the coal in question as accurately 
as a chemical analysis could do it, so far as sampling is con- 
cerned. This would certainly not have been the case if any- 
thing l3ut finely powdered and carefully mixed samples had 
l)een made the basis of the work. The oxygen-pressure used 
in the bomb in our experiments was only 16 to 17 atmospheres. 
While this pressure is considerably lower than that used by 
Mahler, it has been conclusively shown by Hempel {Gas-Analy- 
sis^ p. 353) to be amply sufficient for complete combustion. 
Furthermore, an analysis of the gas from the bomb after one 
of our experiments showed the entire absence of CO and the 
presence of over 64 per cent, of 0. Berthelot gives 60 per 
cent, of oxygen as the amount in the residual gas necessary to 
insure complete combustion {Comptes rencUts, vol. cxv., p. 202, 
1892). The lower pressure has the advantage of using less oxy- 
gen, and hence emptying the cylinder more slowly. The sulphur 
in the coal, even at this pressure, is completely burned to sul- 
phuric acid, and can be determined in the liquid washed out of 
the bomb. This statement, which is made by Mahler, is supported 
by the following determinations. In each case the bomb was 
carefully washed out with distilled water, the liquid titrated for 
total acidity and then acidified with hydrochloric acid and fil- 
tered, the sulphuric acid precipitated by barium chloride and 
weighed as barium sulphate : 






Sulphur 

Sulphur by 

Sample. 




by bomb. 

ordinary methods. 

26 . 



. 

. 2.86 

3.01 

16 . 




. 1.57 

1.60 

19 . 




. 2.36 

2.36 

21 . 




. 3,51 

3.65 

23 . 




.3.36 

3.36 

18 . 




. 1.89 

1.95 

20 . 


• . 


. 1.12 

1.15 
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These tests were not made vnth the special object of deter- 
mining sulphur, but to show the result of an ordinary calori- 
metric determination. The presence of a little water in the 
bomb before the combustion would probably prevent the tri- 
fling loss shown here in some eases. 

The method given by Mahler for the calculation of the re- 
sults was followed exactly. The acid contents of tlie bomb 
were titrated with standard ammonia, using methyl-orange as 
an indicator, as this is not aflPected by the iron salts invariably 
present in the solution. The nitric acid found, multiplied by 
230, gives the heat-units to be deducted as due to the oxidation 
of nitrogen. As the total acidity includes that due to the sul- 
phuric acid, Mahler’s method of computing all as nitric acid 
Avould ajiparently lead to incorrect results. Tie says the c-rror 
introduced is negligible in the case of the very ]ow-.sulplmr 
coals he worked with. In some of our coals, howovei*, the sul- 
phuric acid produced is largely in excess of the nitric acid, us, 
for example, in the case of coal No. 80, whci-o the contents of 
the bomb required 9 ce. of the alkali for neutralization, of 
which 6.4 went to the sulphuric acid and 2.6 to the nitiue acid. 
As the sulphur in the coal is burned to SOo and is inchnh'd 
among the heat-producing elements, it would seem at first that 
the nitric-acid correction would be much too large in this case 
if the total acidity was assumed to be due to nitric acid, as was 
done by Mahler. But, on the other hand, the suli>hur in the 
bomb is burned to sulphuric acid and not to SOj, and the beat 
produced per unit of sulphur is greater by the exci'ss of the 
heat of formation of dilute sulphuric acid over that of gasesms 
SOj. Berthelot gives the heat of fonnation of dilute, sulphuric 
acid, which for one gramme of sulphur would he 4888 (d/i'- 
canique ChimHjae,Yo\. i., p. 372). Assuming the heat devt'htped 
by sulphur burned to at 2250 units this would givi‘ for the 
excess in question 2138 units per unit of stdphur. This sliows 
that a deduction must be made for the sulphurii* acid as well 
as for the nitric acidj a calculation of the difli'reuee resulting 
from calling all the acidity nitric aci<l and from Tuaking sepa- 
rate allowance for the sulplunnc acid and the nitric acid, showed 
that in the ease of the highest-sulphur coal examined it would 
only he 26 units or less than of 1 })er cent, of the heating- 
power of the average coal. Considering the uncertainty us to 
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the exact value of the heats of formation involved, it has not 
been deemed necessary to make the separate calculation for 
sulphuric acid, and the results are given as calculated by Mahler 
from the total acidity. 

The weight of iron wire used as fuse was 17 milligrammes, 
and the heat-development due to this was taken at 25 units. 

The probable error of a single calorimeter-determination 
from the mean result of a large number was computed from all 
the results on twenty-one samples of coal on each of which 
more than one determination ivas made. There were fifty 
separate results on the twenty-one samples. Computing the 
error by the ordinary formula gave plus or minus t'wenty units 
or about of 1 per cent, as the probable error of one deter- 
mination. These results were obtained by difterent observers 
and at considerable intervals of time, and include slight possi- 
ble variations in the condition of the sample as to moisture 
and oxidation. Duplicate results obtained at the same time by 
the same observer frequently gave much closer checks. 

The chemical analyses were made by the ordinary methods 
— combustion with oxygen in a glass tube containing copper 
oxide and lead chromate for the ultimate analyses, while the 
proximate analyses were made by the methods used for all the 
sanqfies analyzed in this laboratory for the Ohio Geological 
Survey. Through the kindness of Dr. C. B. Dudley, of Al- 
toona, we were subsequently furnished with his results on all 
the coals sent to us by him. The agreement on ash and sul- 
phur with our own figures was in all cases very close. The 
fixed carbon and volatile combustible determinations could not 
be directly compared, as his results did not state the percentage 
of moisture as he found it in the sample. Therefore on these 
items our figures were not checked directly by his and can, of 
course, only be compared among themselves, but as all our re- 
sults on fixed carbon were by identically the same method 
they must be regarded as consistent with each other. In out- 
line the treatment wms as follows : 

One gramme of the coal was dried at 100° to 105° C. for one 
hour in a crucible, the loss being called moisture. After dry- 
ing, the same portion wuis heated three and one-half minutes 
over a Bunsen burner, then three and one-half minutes over a 
blast-lamp, and the loss was called volatile combustible. The 
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crucible was tightly covered and not allowed to cool during 
the change from burner to blast-lamp. 

The samples of coal used in these experiments were as fol- 
lows : ISTos. 1, 2, 8, 4 and 6 were samples of Pocahontas coal, 
“ run-of-miiie,’’ which were taken at various times from coal in 
use at the TJniversity boiler-house. The samples represent 
large amounts of coal, and were obtained by taking a shovelful 
from each barrow-load sent to the boilers during runs of Irom 
twelve to thirty-six hours. The coal obtained was sampled by 
quartering, as described before. Samples 6, 7, 8, 9 and 10 
were of Hocking \ alley coals taken in the same way. Hos. 
11, 12, 13 and 14 were similar samples of Thacker coal. Sam- 
ples lo to 29 inelnsive were scut to the laboratory through the 
kindness of Mr. Gr. L. Potter and Dr. C. B. Dudley, of tlie 
Pennsylvania K. E., and represent coal used by that company. 
Samples 30 to 40 inclusive were sent to the laboratory some 
time ago through the kindness of Mr. 8. P. Bush, of the Penn- 
sylvania R. E. Bach of these samples consisted of about tiily 
pounds of coal taken during boiler-tests on locomotives. We 
were furnished with exact data as to the mines from which each 
coal was taken, and from tlic location of the mine the geologi- 
cal position of each coal was determined for ns by Dr. Edward 
Orton, of the Ohio Geological Sarveyq and Mr. L. G. Haas, t)f 
the Pennsylvania R. R, 

The results of the work ai-e given in the following tables, in 
which the coals of each scam ai-c grouped togelher. In addi- 
tion to the analytical and Ciiloiimetric data the following ligiircs 
are tabulated : 

1. The calorimetric power computed from Dulong’s ibrtnula 
in this form : 

Cal. Power = 80800 -f 34,462 (IT— JO) -f 22r>0S. 

0, n, 0 and 8 being the amonnta of carbon, hydrogen, o.xygcn 
and sulphur in one unit of the coal. 

2. The differonce between this rcvsnlt and the hoiuholcttu’- 
mination, expressed in porccutagea. 

8. The heating- power of each samjtlo calculated fnnii the 
average hoating-powor of the eoal-Heam to which it belongs. 
This average hoating-powor was obtained by deducting from 
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tlie average of the results of the calorimeter on all the samples 
of the seam in question the heat due to the combustion of the 
average sulphur, and dividing the result by the fraction left 
after taking out the ash, sulphur and moisture in one gramme 
of the average coal. Calling this result H,’’ the calorimetric 
value of each sample was estimated from it by multiplying 
by the fraction left after deducting from one the ash, 
moisture and sulphur of the particular sample and adding to 
the result so obtained the heat due to the sulphur of the sample, 
calling the calorific power of sulphur 2250. 

4. The difterence between the result so obtained and the 
calorimeter-determination, expressed in percentages. 

On examining the accompanying table of results the follow- 
ing points appear : 

In the first place, the remarkable coincidence between the 
heating-powers, as calculated from Dulong’s formula, and the 
experimental determinations. In the case of the averages of 
the different seams we find practical identity between the heat- 
ing-poAver as calculated from the formula based simply on the 
heat developed by the combustible elements, and the results of 
the calorimeter. This is so much at variance with the claims 
of many writers that, were it not the result of so many deter- 
minations, it might pass as a mere accident. The maximum 
difterence between the heat calculated from the elementary 
analysis and the heat developed in the bomb is 2 per cent, of 
the total calculated heat, the minimum difference 0.1 per cent. 
The possible error of an ultimate analysis may be placed at 
0.5 per cent, on carbon and 0.2 per cent, on hydrogen, espe- 
cially with coals as high in ash and sulphur as are many of the 
samples included in our tests. This would lead to an error of 
about 108 units, or nearly 1.4 per cent, on the calculated heat- 
value. While, of course, the probable error of the ultimate 
analysis is less than this, it seems certainly possible that the 
differences between the observed and calculated heat-values are 
Avithin the limits of experiment. 

Taking the differences in groups, we find as follows, including 
all the samples Avith ultimate analysis : 


A^OL. xxvxr.— 18 
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Table of Besulis. 


Upper Feeepoet Coal, Ohio and Pennsylvania. 


Sample Numbci. I 

Location of Mine. 

0 

5 

o 

Hydrogen. 

S 

be 

>. 

X 

O 

0 

Sulphur. 

Ash. 

S; 

B 

V 

O 

S 

Volatile Combus- 
tible 

Fixed Carbon 

Calorimetei Result 

Calorific Power Calcu- 
lated fiom Ultimate 

Difference. Pei cent 

1 Calorific Power Calcu- 
1 lated fiom “ H ” 

Difference. Per cent. 

7 

East Palestine, 0 

70 58 

4 88 

7.76 

1 24 

3.65 

11 89 

0 82 

34.98 

52 63 

7109 

7132 

- .3 


0.0 

22 

<• “ 

73.23 

5 15 

8.82|1 47 1 76 

9.58 

1 65 

37 45 

51.32 

7330 

7352 

- .3 

7316 

- .2 

‘)1 

Waterford, 0 

74 39 

5 15 

7 80 

1.40 3.44 

7.82 

1.55 

37 29 

53 34 

7459 

7529 

— .9 

7398 

+ .8 

24 

;Yellow Creek, 0 

73 15 

4.98 

7.41 

1.40 3 89 

9.17 

1 23 

38.72 

50 88 

7464 

7393 +1.0 

17286 

+2 6 

25 

Steubenville, 0. . 

74 73 

5.26 

8.06 

1.44 2 85 

7 66 

1.47 

39 23 

51.54 

7504 

7567 

- .8 

‘7455 

+ 7 

26 

Cambridge, 0 

70 61 

5.19 

10.33 

1 14 3.01 

9 42 

2.43 

87.79 

50 36 

7088 

7116 

- A 

7217 

-1 8 

30 

Steubenville, 0 

71 40 

4.62 

lO.e.'i 

1 20 3 00 

9.10 

2.40 

39.20 

49.30 

7113 

6970 

+2.0 

7230 

-1.6 

31 

Salineville, 0 

72 62 

5.13 

9.92 

1.23 3 00 

8 10 

2 80 

36 30 

52.80 

7271 

7276 

— 1 

7297 

- 4 

36 

Palestine, 0 

!71 29 

5.00 

9.28 

1.84 2 64 

10.45 

2.15 

36 70 

50 70 

7277 

7136 

+2 0 

7176 

+1 4 

37 

New Galilee, Pa 

73 57 

5.20 

8.94 

1.35 2 24 

8.70 

2.30 

36 70 

52 30 

7267 

7401 

-1 8 

7335 

- .9 

40 

Palestine, 0 

73 54 

5.06 

9.47 

1.24 2 34 

8.25 

2.45 

36 60 

52.70 

7344 

7340 

+ 1 

7355 

- .2 


Average 

72.65 

5.06 

8 95 

1.34 2 89 

1 

9.10 

1 93 

37.35 

51.63 

7293 

7292 





100 V Averag e Calorimeter Result— Average Sulphur X 22 5 
^ 100 —Average (Ash + Sulphur -f- Moisture) 


7293-05 

.8008 


Pittsburgh Coal, Pennsylvania. 


15 

Cfjrnegie, Allegheny Co., Pa. 

1 

77 20 5.26 

8.51 

1 68 

1.42 

5 93 

1 45 

36.42 56 20 

1 

7691 

7717 

— .3 

7738 

- .6 

16 

Turtle Creek, “ “ 

76.56 5.22 

7 00 

1.67 

l.OO 

7 9 .') 

1.08 

34.38 56 59 

7630 

7719 

-1 2 

7571 

+ 7 

27 

Carnegie, “ “ 

76 57|5.13 

8 82 

1 64 

1 76 

6.08 

1 07 

37 79 55 06 

770*) 

7611 

1-2. 0 

7724 

+ .5 

28 

It <( 

73.50,5.19 

8.08 

1.44 

2.54 

9 25 

1 08 

37.67 52.00 

7396 

7136 

- .5 

7107 

- .1 

29 

Creedmore, “ “ 

74 45 5 27 

8.02 

1 60 

1 80 

8.86 

1.09 

38.91 51 14 

7496 

7528 

— 4 

7484 

+ .‘-2 

34 

N. Mansfield, “ 

7a.9r6.l5 

8 89 

1 23 

1.77 

9.a5 

2 10 

36.20 52.65 

7354 

7401 

— .7 

738G 

- .4 

38 

Turtle Creek, “ “ 

74.48'6.05 

8.39 

1.37 

1.66 

9 05 

1 75|36.20 53.00 

7391 

7433 

- .5 

7121 

- .4 


Average 

75.24j5.l8 

8.24 

1 51 

1.79 

8.02 

1 S7 3G.80 53.81 

1 1 

7582 

7550 





Middle Kittanning (Darlington Coal), Pennsylvania. 


17 

Hoytdale, Lawrence Co., Pa 

77.83 

5 *>2 

9.38 

1.65 

1.57 

4.35 

1.00 

36 40 57.65 

7785 

7711) 

h . 1 ) 

7774 

H .1 

18 

Beaver Creek, “ “ 

74.60 

5.06 

8 23 

1.40 

1.96 

8,75 

1.50 

:M.33'55.42 

73(i0 

7160 

-1,3 

7390 

,4 

19 

Wampum, “ “ 

77 93 

5.17 

7.95 

1.65 

2.35 

4.95 

0 75 

38.53 55 77 

7825 

7787 

+ .5 

7747 

fl.O 

20 

NearWampum,“ “ 

76 81 

5.22 

8.52 

1.62 

1.18 

6.65 

0 70 

3C.80'55.85 

7638 

7663 

- .3 

7681 

— . ..5 

m 

Hoytdale, “ “ 

72,78 

4 93 

10 57 

1 34 

1.68 

8.70 

2.70 

35.1053.50 

7245 

7173 

+ 1.0 

7311 

- .9 

>:i3 

Wampum, “ “ 

72.82; 

5.25 

8.55 

1 33 

3.25 

8 80 

2.851 

37.50 50.85 

7304 

73951 

- 1.2 

7191 

41.5 

35 

Clinton, " “ 

73.57 

5.14 

10 14 

1.24 

1.86 

8.05 

2.55 

35.60 53 80 

73' 0 

7320 

- .3 

736(1 

- .9 


Average 

75.19 

5.14 

9.05 

1 46 

1.98 

7.18 

1 81 

36 . 32 j 54.69 

7494 

7502 





* 32 and 33 are from tlie same mines as „ „ 7494—44 

17 and 19, but taken some j^ears earlier. " “ ""8903 



THE CALORIFIC VALUE OF CERTAIN COALS, 


267 


Table of Sesults — Continued. 


Middle Kittanning (Hocking Valley Coal), Ohio. 


Location of Mine. 


Hoclcing Lump 69.42 5 35!l6 27 1.46 1 67| 

“ “ 2d sample . . .1 63; 

Run of Mine 66 50 5.16:15.57 1 43 1 67 
“ “ 2d sample.! I i .'1501 

“ Lump, 3d sample ..168.18 5.36115.09 1 44 1 43| 


Average. 


Average 6-8-10.. 


1.58 


5 83! 
10.10 
9.67 
10 53 


6.72137.13 50.32 168821,6790 +1.3 
6.45 36.60 46.851,6603 1 . ,i. .. I 

6.65.34.14 49 54, '64961 1 6520 - .4 

6 34 35.18'47 95'i6482 1 ! ' 


8.50! 6 40 36 05 49.05 


8.93 


.[68 03 5 29|l5.64|l 44,1.59| 8 00||6 59j35.77j49.64|j6663||6683| 


6 51135.82,48.74 


6610 '6740 


,-1.9 


6612, 


Ow 
s o c 

"S 

o 


68.36 + 
6520 +1 3| 
65371- .6 
6503,- 
6662,- .81 




Thacker Coal, West Virginia. 


11 

Run of Mine 

7S.9o'5 14 

6 88 

1.42 

1 16 

6 50 

1 40*35 00*57 10 

7768 

CC 

il 

-1.3, 17811 

- 5 

12 

“ 2d lot 





1.18 

7.50 

1 60 

34.75156 15 

7738 


•. i 

7707 

+ .4 

13 

o 

o 

. ... 




1 81 

7.30 

1 18 

36 0/|55.45 

7711 

- 


7723 

- .1 

14 

“ “ 2d lot 

78 40 

5.19 

7 56 

1.40 

1 40 

6 05 

1 35 

36 35 56.25 

i 

7867 

78?1 

+ .4 

7840 

Li 


Average 

•• 

•• 

... 


1 39 

6 84 

1 38 


7771 




7770 



Average 11-14 

78.65 

1 

5.17 

7.22 

1.41 

1.28 

6.27 

l.ssjss.es 56.67 

7817 

7853 

1 






7771 - 31 
9039 


= 8561 


Pocahontas Coal. 


1 

“ Run of Mine,” 

83 75 

4.22 

3.36 

.85 

.57 

1 

7 25' 

.8o!i8.30 

73 65 

8062 

8089 

- .3 

8049 

+ 2 

0 

M «* f 

. .. 




.60 

8.60 

.75 

17 05 

73.60 

791.5 

. 


7942 

- .3 

3 

“ « - - , 

85 .*46 

4.25 

3 24 


57 

5 63 

.63 

18.62 

75.12 

8185 

8246 

_ .6 

8206 

- 3 

4 






63 

6.99' 

.61 

17 92 

74 48 

8080 



8083 

.0 

5 


85'.40 

4.39 

3 94 

,k 

- 

4.80 

.85 

18 60 

75.75 

8281 

8258 

+ .3 

8256 

+ .3 


Average 



1 



.60 

6.65! 

1 

.73 

18.10 

74.52 

81u5 

... 


8107 



Average 1-3-5 

84.87 

4.29 

i 

3.51 

1 

.85 

59 

5.89 

1 

.76 

18 51 

74.84 

8176 

8198 





Mahoning Coal, 


Saline ville, 0 . 


71.13 


4 95 


9.93jl 28jl.86jl0 90| 


3.15 35.00 50.95 


7032 


7068 


- .5 


cent. 
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Number of Per Cent of 



Difference. 


Samples 

Total Number. 

Between 0.0 per cent, and 0.5 per cent. 

inclusive, 

17 

50 

.5 

o 

u 

7 

21 

'' 1.0 

u u 15 u 

n 

6 

18 

1.0 

a a 2.0 

li 

4 

11 




84 

100 


The order of distribution of differences is sufficiently near 
that of the probability curve to lead to the conclusion that 
they ^vere determined by chance and not by a law, though 
there is a decided preponderance of negative errors, especially 
among those of small amount. The close agreement shown 
between these two sets of .values certainly indicates that the 
heat-values of the coals in question, if calculated from the 
ultimate analysis, might be expected to lie within 2 per cent, 
of the calorimeter- value — a closer limit than is set by Mr. Kent 
ill his review of the Mahler work on the French coals. 

The ultimate analysis of coals is vastly more difficult to make 
than the calorimeter-determination; and therefore it is ex- 
tremely important to know how far the ordinary proximate 
analysis so universally used in this country, and so rapidly 
made, can serve as a guide in rating the calorific powers of 
coals. 

A relation between the fixed carbon and the calorimetric test 
was stated by Mr. Kent Ileating-Power of Coal,” J/m. Ind.^ 
1892, p. 97) ; but the results of our work do not appear to cor- 
respond to his figures. Taking the Pittsburgh coal, we find 
the average calorific power of the samples observed to be 75r32. 
The average ash is 8.02, the average moisture 1.37. Calculat- 
ing from this the calorific power of the coal free from ash and 
moisture, we find it to be 8313. The average fixed carbon is 
53.95, and this, calculated ash- and moisture-free, gives 59.54. 
Interpolating from Kent’s table, this would give 8054 as the 
calorific power, a difference of 259 units, or 3.2 per cent. The 
same calculation on the average Freeport coal shows a differ- 
ence of 296 units, or nearly 4 per cent. 

The determination of fixed carbon is very uncertain, being 
much influenced by slight changes in method ; therefore it is 
entirely possible that these differences are due to our method 
of analysis, giving low results as compared with that used by 
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the chemists furnishing his figures. We therefore investigated 
the results attainable by assuming the fixed carbon proportional 
within moderate limits to the heating-power, assuming that our 
results on fixed carbon were uniformly attained by the same 
method. In justification of this, it may not be out of place to 
say that the analyses were conducted with the same apparatus 
and in the same way that has been in use for years in the 
department. Applying this test to the Pittsburgh coal, we 
assumed that the ash- and moisture-free coal, with 59.54 per 
cent fixed carbon, had the observed calorific power of 8313, 
and then we calculated the value of each coal from this aver- 
age, assuming its calorific power proportional to the fixed 
carbon. The following are the results : 


Sample 

Calorific power 

Calculated from 


Difference. 

number. 

observed. 

fixed carbon. 

Units. 

Per cent. 

15 

7691 

7830 

139 

1.7 

16 

7630 

7900 

270 

3.4 

27 

7765 

7690 

75 

1.0 

28 

7396 

7260 

136 

1.7 

29 

7496 

7140 

356 

5.0 

34 

7354 

7350 

4 

.0 

38 

7394 

7540 

146 

1.8 


Showing that our determinations of fixed carbon could not be 
used for estimating the calorific power within any satisfactory 
limit of accuracy. 

Attempts to derive a general law for all the coals examined 
were abandoned, and the question was taken up, how far the 
coal of a given deposit or seam can be regarded as of uniform 
quality, and its specific character determined. This has led to 
the interesting results given in the tables. Taking the coals of 
the same seam, we averaged the results of the calorimeter, and, 
reducing by the average ash and moisture, soon found that 
comparable results were obtained by regarding this value as a 
constant for the seam over the area examined. The sulphur, 
existing to a large extent as pyrites, acted as a disturbing ele- 
ment, and it was found better to eliminate it by calculating 
from the average observed calorific power the value of the coal, 
ash-, moisture- and sulphur-free. We assumed the value so de- 
termined to be the calorific value of the coal-vein in question. 
The method of calculation for the Preeport coal was as follows : 
Average heating-power of the samples tested, 7293; average 
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sulphur, 2.89 per cent. ; 0.0289 times 2250, the assumed cal- 
orific value of the sulphur, gives 65 units ; deducting this from 
the average calorific power gave 7228 as the coal-value, free 
from the sulphur. The average ash and moisture are 9.10 and 
1.93 per cent. These added to the average sulphur give 0.1392, 
which subtracted from 1 leaves 0.8608; dividing 7228 by this 
gives 8398 as the heating-value of the Freeport coal, ash-, 
moisture- and sulphur-free. (This is given as “ H ” in the ta- 
bles for the several coals.) Eeversing the process and calcu- 
lating the heating-power of the individual samples from this 
value of “ H ” by the formula given already, we obtain the 
series of values in the last column but one, and the perceutage- 
differenee between this and the true calorific value as deter- 
mined by the bomb-method is given in the last column. 

On compai'ing these results for the several kinds of coal 
examined, seam by seam, it would appear that the actual coal of 
a given seam, at least over considerable areas, may be regarded 
as essentially of uniform heating-value. 

For the Freeport coal, the samples extend from New Gali- 
lee, Pa., to Cambridge, Ohio, a distance of perhaps 80 or 90 
miles in a direct line. The samples were taken at difterent 
times and by difterent parties, yet, on the assumption that the 
average heating-value of the upper Freeport coal, ash-, mois- 
ture- and sulphur-free, is 8398 units, the individual samples in 
seven cases out of eleven give values within 1 per cent, of 
those found in the calorimeter, and in only one ease difterod by 
more than 2 per cent. In the ease of the Pittsburgh coal, the 
correspondence is still closer. The heating-power of the actual 
coal of this seam is 8435; and taking the samples from several 
mines, the results calculated from this value in no ease differ 
from the observed figures by as much as 1 per cent. 

In the next summary, the Middle Eittanning, wo give results 
from two widely-separated portions of what is considered to be 
one seam. In these two fields there has been marked change 
in the quality. 

The Darlington coal of Lawrence county, Pennsylvania, 
shows a heating-power of 8368, and the estimated value of the 
coals from various mines agrees with the average. The No. 6 
or Big Vein coal of the Hocking Valley, Ohio, is the same seam, 
but widely changed in character. The heating-value of this 
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coal, as determined by five samples, is 7925. This vein includes 
most of the coal mined in Perry and Hocking counties, Ohio. 
The number for this seam is determined from too few samples 
to be entitled to great weight; but each determination repre- 
sents, as accurately as thej" could be sampled, a number of tons 
of coal. 

The figures for the Thacker coal and Pocahontas coal are 
given in the tables. These samples were made at cliiferent 
times from large lots of the coal as supplied to the IJniversity 
for steam-boilers, and represent the run of the respective 
coals. 

The results of our tests seem to indicate the interesting con- 
clusion that the character of a coal-seam, as far as its fuel-value 
is concerned, is a nearly constant quantity over considerable 
areas. The determination of the value for seams would be of 
great use, as the rapid proximate analysis, or, for that matter, 
merely the determination of ash and moisture in low-sulphur 
coals, would be sulficient to grade coals of the same vein. Of 
course it is dangerous to argue from so few examples ; but the 
proposition seems reasonable. At least, we hope that further 
work maj' confirm these conclusions. 

Since the table was compiled the following tests have been 
made in the Department Laboratory, and show the application 
of the value “ H for estimating the heating-values of the sam- 
ples and also the comparison of the results so attained with 
those of the calorimeter. 


Sample. 

Asti. 
Per cent. 

Moisture. Sulphur. 
Per cent. Per cent. 

Calorific Power. 
Observed. Computed. 

A, . 

. 3.80 

7.30 

0.80 

7024 

7000 

B, . 

. 6.60 

5.90 

1.38 

6863 

6856 

C, . 

. 3,65 

5.02 

0.87 

7374 

7188 


The samples of the above table are all Hocking coals, but 
were taken at difiercnt times and from different sources. The 
last column but one gives the heating power as determined by 
the calorimeter ; the final column, the same value as calculated 
from H.’’ Sample 0, which shows a considerable difference 
between the two, was a small sample of selected lumii-coal, free 
from slate, “ bone and pyrites, and therefore not comparable 
with averaged samples of the same seam. 
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A Decimal Gauge for Wire and Sheet-Iron. 

Being an Abstract of tbe Report of Mr. Albert Ladd Colby to tlie Association of 
American Steel- Manufacturers. 

BY R. RAYMOND, NEW YORK CITY. 

(Chicago Meeting, February, 1897 ) 

This paper is simply a summary, prepared at the request of 
the Council of the Institute, of the report of Mr. Albert Ladd 
Colby, of South Bethlehem, Pa., presented at the Ilew York 
meeting (October, 1896) of the Association of American Steel- 
Manufacturers, on The Advisability of the Endorsement by the 
Association of the ITnited States Standard Gauge, approved by 
Act of Congress, March 3, 1893, to the Exclusion of tbe Bir- 
mingham Gauge, the Brown and Sharpe, and all Others:” a 
subject on which, at the Pittsburgh meeting (April, 1896) of the 
said Association, Mr. Colby had been appointed as a committee. 
The report favors the adoption, not of the IJnited States standard 
gauge to the exclusion of others, but of a decimal system of 
gauging all materials in thousandths of an inch, thus doing 
away entirely with arbitrary gauge-numbers running in inverse 
order to the actual thickness. 

The American Institute of Mining Engineers originated this 
movement. The report of its committee on a standard wire- 
gauge, presented in October, 1877,* recommended the aban- 
donment of the system of fixed gauges for commercial use, and 
of the system of representing the diameters and sizes by num- 
bers, and tbe adoption, in lieu thereof, of the system of express- 
ing sizes in thousandths of an inch or fractions of a millimeter, 
and the use of the micrometer-gauge as a means of measuring 
sizes. 

In 1892 the American Society of Mechanical Engineers ap- 
pointed a similar committee, and corresponding action was 


* Tram., vi., 500. The committee consisted of Thomas Egleston, William 
Metcalf, and Joseph B. Weeks. 
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taken by the American Railway Master Mechanics’ Associa- 
tion, while committees of co-operation were constituted by the 
Canadian Society of Civil Engineers, the Engineers’ Club of 
Philadelphia, the Civil Engineers’ Society of St. Paul, and the 
Engineers’ Club of St. Louis. The joint recommendation of 
the committees of the Mechanical Engineers and of the Master 
Mechanics was cordially approved by the others, to the effect 
that a decimal gauge be used for thickness of metals, the num- 
ber denoting the thickness to be the dimension of the notch in 
thousandths of an inch. 

The American Railway Master Mechanics’ Association 
brought the discussion to a successful practical conclusion. 
The report of its committee comprised the following recom- 
mendations : 

1 . The micrometer-caliper should be used for laboratory and tool-room work, 
and in the shop when specially desired. 

2. The solid notched gauge should be used for general shop purposes. 

3 The form of this gauge shall be an ellipse whose major axis is 4 inches, the 
minor axis 2.o inches, and the thickness 0.1 inch, with a central hole 0.75 inch in 
diameter. 

4. The notches in this gauge shall be as follows (in thousandths of an inch) : 


2 

22 

60 

110 

4 

25 

65 

125 

6 

28 

70 

135 

8 

32 

75 

150 

10 

36 

80 

165 

12 

40 

85 

180 

14 

45 

90 

200 

16 

50 

95 

220 

18 

55 

100 

240 

20 



250 


5. All notches to be marked as in the above list. 

6. The gauge must he plainly stamped with the words ‘ ‘ Decimal Gauge in 
capital letters 0.2 inch high, and below this the words Master Mechanics.” 

7. In ordering material, the term gauge’’ shall not he used, but the thick- 
ness ordered by writing the decimal as in the above list. (For sizes over J-inch, 
the ordinary common fractions may be used.) 

The Pratt & Whitney Co. of Hartford, Conn., naannfaeture a 
solid elliptical gauge of 88 notches corresponding to the above 
req^uirements. By October, 1896, no less than seventy-two rail- 
roads, comprising practically all the leading railroads of the 
United States and Canada, had ordered these gauges, with the 
purpose of using the decimal system of measurement exclu- 
sively in their purchases of sheet-metal and wire. 
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United States Standard Gauge. 


Number 
of Gauge. 


0000000 . ... 
000000 . . 
ooooo .. .. 
oooo .. 
000 
00. .. 
0 ... 
1 . .. 
2 ... 

3 .. 

4 ... 

5 . . 

6 . .. 

7 ... 

8 . 

9 ... 
10 ... 

u 

12 . . . 

13 

14 .. 

15 

Ifi . 

17 , .. 

18 .. 

19 .. 

20 .... 

21 . .. 
22 

23 ... 

24 

25 . 

26 

27 

28 .... 

29 

30. . .. 

31 

32. . 

33 

34 

35 

36 .. 

37 

38 


6 ^ 

Cl 5 "S 

M S 

C Cl Cv., 
SCO 

Approximate 
ThieUnefas in Deci- 
mals) of an Iiicli. 

\ 

® c • 

gsg 

Weight pel Square 
Foot in Ounces 
Avciidiipois. 

1-2 

.5 

12 7 

320 

15-32 

.46875 

11 90625 

300 

7-16 

.4375 

11.1125 

280 

13-32 

40625 

10 31875 

260 

3 8 

375 

9 525 

2 to 

11-32 

.34375 

8 73125 

220 

5-16 

.3125 

7 9375 

200 

9-32 

.28125 

7.11375 

180 

17-64 

265625 

6 74G875 

170 

1-4 

25 

6 36 

160 

15-64 

.234375 

5.953125 

1,50 

7-52 

.21875 

5 55625 

140 

13-64 

.203125 

5.1.59875 

130 

3-16 

.1875 

4 7625 

120 

11-64 

.171875 

4 36.5625 

no 

5-32 

.15625 

3 96875 

100 

9-64 

.140625 

3.571875 

90 

1-8 

.125 

3 175 

80 

7-64 

.109.375 

2 778125 

70 

3-32 

09.175 

2 .38125 

60 

5-64 

078125 

1 984.375 

50 

9-128 

.0703125 

1 7859375 

45 

1-16 

.062.5 

1 5875 

40 

9-160 

05625 

' 1 42875 

86 

1-20 ' 

.05 

1.27 

32 

7-160 

.04375 

1 11125 

28 

3-80 

.0375 

.9525 

24 

11-320 1 

.034375 

.873125 

22 

1-32 

.03125 

.793750 

20 

9-320 

.028125 

.714375 

18 

1-40 

025 

.635 

16 

7-320 

021875 

i .555625 

14 

3-160 

.01875 

.47625 

12 

11-640 

.0171875 

.4365625 

11 

1-64 

0156-25 

39687,5 

10 

9-640 

0140625 

.3571875 

9 

1-80 

.0125 

3175 

8 

7-640 

.0109375 

.2778125 

7 

13-1280 

01015625 

.25796875 


3-320 

.009375 

.238125 

6 

11-1280 

00859375 

.21828125 

5K 

5-640 

.007812.5 

.1984,175 

5 

9-1280 

' 00703125 

17859.375 

4K 

17-2560 

.00(5640625 

168671875 

4j| 

1-lGO 

.00625 

.15875 

4 


Weight per Square 
Foot in Pfmnds 
Avoirdupois. 

Weigh t per Squai e 
Foot in Kilo- 
giams. 

Weight per Square 
Meter in Kilo- 
grams 

. S-o . 

— C cc 

cr? o 

wp p, 

Eil 

20 00 

9 072 

97 65 

215 28 

18.75 

8., 50.5 

91 ,55 

201.82 

17 50 

7.983 

85.41 

188 37 

16 25 

7.. 371 

79 33 

174 91 

15 

6 804 

73.24 

161 46 

13 75 

6.237 

67.13 

148 00 

12,50 

5 67 

61 0.3 

134.55 

11 25 

5 10.3 

.54 93 

121 00 

10 625 

4.819 

51 88 

314 37 

10. 

4 536 

48 8-2 

107 74 

9 375 

4 2.52 

45 77 1 

100 93 

8.75 

3.969 

42.72 

94.18 

8 125 

3 685 

89 67 

87 4.5 

7 5 

3 402 

36 62 

80.72 

6.875 

3.118 

33 57 

74.00 

6.25 

2 885 

,30.52 

67 27 

5 625 

2 .552 

27 46 

60.55 

5. 

2.26S 

24 41 

53.82 

4 375 

1 984 

21 36 i 

47 09 

3.75 

1 701 

IS 31 

40 36 

3 12> 

1 417 

1.5 26 

83 64 

2 8125 1 

1.276 j 

13 73 

30 27 

2 5 ! 

1 134 ! 

32.21 

26 91 

2.25 

1.021 

10 99 

24.22 

2. 

.9072 

9,765 

21 53 

1.75 

.7938 

8. ,544 

18.84 

1 50 

.6804 

7 324 

16.15 

1 375 

.6237 

6.713 

14 80 

1.25 

.566 

6.103 

13 46 

1.125 

.510.3 

5 493 

12.11 

1. 

.4536 

' 4.882 

10.76 

.875 

.3U(i9 

i 4.272 

1 9.. 12 

.75 

.,3402 

3 6(i2 

8.07 

.6875 1 

.3119 

3 357 

7 40 

.625 

.283.> 

3.(b52 

1 0 73 

.5625 

.25.51 

2.746 

6.0.5 

.5 

.2268 

2.441 

5.38 

.4375 

.1984 

2.136 

1 4.71 

.40t>25 

.1843 

1.983 

' 4.37 

.375 

1701 

1.831 

4.04 

.34375 

.15.59 

1 078 

3.70 

.3125 

.1417 

. 1.5-26 

3.36 

.28125 

.1276 

1 .373 

3.03 

.265625 

.1205 

1.297 

2.87 

.25 

.1134 

1.221 

2.69 


The United States Standard Gauge. 

The Act of Congress entitled “An Act Establishing a Stand- 
ard Gauge for Sheet and Plate Iron and Steel,” approved 
March 8, 1898, prescribes a series of gauge-numbers to be used 
in determining duties and taxes levied by the United States ou 
those articles. These numbers are “ based on the tact that a 

cubic foot of iron weighs 480 pounds A sheet of iron 1 

foot square and 1 inch thick weighs 40 pounds or 640 ounces, 
and 1 ounce in weight should be l-640th inch thick. The 
scale has been arranged so that each descriptive number repro- 
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sents a certain number of ounces in weight, and an equal num- 
ber of 640ths of an inch in thickness; and the w'eights, and 
hence the thicknesses, have been arranged in regular series of 
gradations.”* The foregoing table exhibits the relations of 
the gauge-numbers to the British and metric weights and 
diameters of the metal. 

Arguments Apparently in Favor of the Adoption of the 
U. S. Standard Grange. 

1. It has been legalized by Congress, and is in use by the 
Custom-House. 

2. It has been adopted by forty-five sheet-manufacturers as 
a basis of the wages of their rollers, as well as the selling of 
their product. 

3. The simple relationship between the gauge-numbers and 
the weight in ounces of a square foot of the sheet or j)late. 

(1) The fact that the IT. S. Government has made this gauge 
a standard, and is using it at ports of entry, carries little 
weight as an argument in favor of its more general endorse- 
ment or adoption by manufacturers. Practically the XI. 8. 
Government only needs to use the gauge at the three gauge- 
numbers 10, 20 and 25, for the rates of duty on sheets and plates 
change at each of these three sizes. The gauge simply estab- 
lishes the rate of duty ; the material is actually weighed to de- 
termine its dutiable weight. Hence, the question of the rela^ 
tionship between gauge-numbers and weight per ounce or 
pound per square foot of iron or steel does not come up in this 
rough use of the gauge. 

The force of the adoption of this gauge by the Government 
is further lessened by statistics, which show that the gauge was 
used by the Government during 1895 to gauge a weight of 
sheets and plates equal to only 1.46 per cent, of the annual 
production of sheets or plates in the United States, as the fol- 
lowing figures from the annual statistical report of the Ameri- 
can Iron and Steel Association show. 


* E.'ctract from the report of the H. of R. Committee on Coinage, Weights and 
Measures, accompanying the hill. 
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Iron and Steel Sheets and Plates^ Excluding Tin-Plate ^ 
Nail-Plate^ Skelp-Iron and Steel. 

Gross Tons. 1893. 1891. 1895. 

Production in the United States, • 674,345 682,900 991,459 

Exported, ...... 2,440 3,056 1,235 

Imported, ...... 37,321 28, /95 14,531 

Importations — percentage of U. S. > ^ 4^21 1.46 

Production, ^ 

(2) Tlie fact that this gauge is in general use by sheet-manu- 
faeturers as a basis of tbe wages of their rollers, and the sale 
of their product, affects this Association* but little, inasmuch 
as tbe product of but very few of our plate-mills comes into 
competition with the product of the sheet-mills using this 
gauge, and also Because it is not a practice with us to vary the 
rate paid per ton with the thickness of the plate rolled. Those 
of our members who pay by the ton generally use the weight 
of accepted sheared plates as a basis. The Illinois Steel Com- 
pany, the only member of the Association cited by Mr. J ohn 
Jarrett as having adopted the U. S. S. Gauge, reports that it is 
used only at the Corning Sheet Mill, at Hammond. At this 
mill wages are based on the scale of the Amalgamated Asso- 
ciation of Iron and Steel "Workers, but the company says that 
this would in no way interfere with its filling orders at this 
mill by the Decimal Gauge, the adoption of which, it considers, 
would simplify matters very much. 

(8) There is no practical value to this Association* in the 
simple relationship existing between the IT. S. gaugo-nunihers 
and the weight in ounces per square foot of the sheet or plate 
measured : first, because when plates are ordered by weight, 
customers specify the weight in per square foot, and not 

ounces (and there is no simple relationship between pounds per 
square foot and these gauge-numbers, as the table shows) ; and, 
second, because the simple relationship between ounces and 
gauge-numbers is only true when the sheet or plate is made 
of iron. 

Arguments Decidedlg Against the Adoption of the U. S. Standard 

Gauge. 

1. It simply adds another to the long list of arbitrary gauges 
with numbers in inverse order to thickness. 


^ Tlie American Association of Steel-Manufacturers. 
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2. It is based on tbe weight of a cubic foot of iron. 

3. It is limited to the measuring of sheet- and plate-iron and 
steel. It is not even used by the Custom House in gauging 
iron and steel wire and rods. 

4. The thicknesses run in no systematic series, and require 
in some cases nine decimal places to express them, or else com- 
plicated vulgar fractions having a common denominator of not 
less than 2560. 

5. The nominal sizes are not easy to speak: J-inch-plate 
is “Humber seven naught,” f-inch-plate is “Humber three 
naught.” 

6. It will perpetuate such terms in ordering by gauge-num- 
bers as “ light ” or “ tight,” “ full ” or “ scant,” “ heavy ” or 
“ easy ” — conditions which it is impossible for a roller to meet 
satisfactorily. 

Arguments Decidedly in Favor of the Adoption of the Decimal 
System of Gauging. 

1. The American Railway Master Mechanics’ Decimal Gauge 
■will soon be the only gauge used by the railroads and railroad- 
supply houses in ordering sheet-metal and wire. 

2. The decimal system of gauging greatly simplifies the 
measuring of all gauged materials. Sheets of all thicknesses, 
whether iron, copper, brass, zinc, tin, glass, paper, etc., as well 
as all kinds of "wire, rods, rivets, nails, screws, etc., can be 
measured by ordinary micrometer-gauges in thousandths of an 
inch, or, if desired, by notched gauges, the notches being sim- 
ply numbered by the number of thousandths of an inch that 
measure them. 

3. The endorsement by this Association* of the decimal sys- 
tem of gauging will materially aid its more speedy and general 
adoption, and thus help to end the inconvenience, delay and 
confusion which have prevailed in the past, owing to the use of 
the various “ standard ” notched gauges, which do not agree, 
either ■with themselves or in comparison with each other, as to 
the actual thicknesses of their arbitrary gauge-numbers. 


■*■ The American Association of Steel-Manufacturers, 



278 


PRECIPITATION OF dOLB BY ZINO-THBEAB. 


The Precipitation of Gold by Zinc-Thread from Dilute and 
Foul Cyanide-Solutions. 

BY ALFRED JAMES, GLASGOW, SCOTLAND. 

(Chicago Meeting, February, 1897.) 

Some months since, in the Johannesburg gold-tields of South 
Africa, the attention of the author was directed to certain state- 
ments to the effect that the gold-contents of foul or extremely 
dilute cyanide-solutions could not be eflectively precipitated in 
practice by the usual zinc-method. 

Such statements caused all the greater surprise, because it is 
well known that this difficulty is not encountered in other well- 
known districts, as, for example, in Now Zealand, where solu- 
tions containing less than 0.05 per cent, of KCy are regularly 
reduced in practice to below 1 grain of gold per ton, while in 
Mexico and the United States almost equally satisfactory pre- 
cipitations are not uncommon. 

As a result of these representations, however, the author 
visited several plants at work in the Transvaal, and noted that 
while at some few mines the precipitation was really excellent, 
at others the effluent, after treatment, was much too high in 
bullion-contents. 

An investigation into the causes of these unsatisfactory re- 
sults disclosed the fact that more attention to the close packing 
of the zinc-shavings in the extractor-compartments tended to 
imj)rovo the results, even with the most dilute solutions. The 
function of the zinc being one of surface, it stands to reason 
that a compartment well filled wdth zinc woxild be more cftcc- 
tive than a half-filled one. Moreover, the quality of the zinc was 
inferior. This should be in long, tough, thin, light threads ; 
light enough to ignite readily, and tough enough not to dis- 
integrate easily into a slime. The coarse shavings too fre- 
quently employed appear to give the reverse of the best prac- 
tice ; they are brittle, contain less surface, and take up more 
room. It is almost impossible to jpack a compartment properly 
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witli such zinc, which permits the existence of channels through 
which the solution may ascend without coming into effective 
contact with the zinc at all. 

The boxes which do the best work have compartments the 
depth of which is greater than any other dimension. 

But even under the best conditions, solutions are encountered 
which give trouble when run through in the ordinary way. 
Such solutions are those charged with alumina salts, and those 
resulting from the treatment of weathered concentrates con- 
taining acid iron salts. 

Very thorough investigation has been carried out on these 
solutions ; and it is found that by simply giving them longer 
contact with the zinc they may be treated with complete suc- 
cess. "With solutions the alkalinity of which has been neu- 
tralized by acid salts, it is advisable to add a slight amount of 
soda; but even in the most difficult ease an alkalinity of 0.025 
per cent, or i pound per ton, has been found perfectly effective. 

Moreover, with extremely dilute cyanide-solutions, that is, 
solutions containing under 0.05 'per cent of free cyanide, per- 
fectly satisfactory precipitation may be carried out by passing 
the solution through the extractors at the rate of 1 ton of solu- 
tion per twenty-four hours for each cubic foot of zinc-thread 
employed. But even when the solutions are very foul, with 
iron and alumina salts in solution, and containing no free 
cyanide^ one is able in practice to reduce the bullion-contents 
to 1 or 2 grains per ton by passing the solution through the ex- 
tractors at the rate of about J ton of solution per cubic foot per 
diem, the solution being in contact with the zinc for one and 
one-half to two hours. 

This small amount of extractor-space, even with the most 
difficult solutions, as compared with that required for electric 
precipitation, deserves to be noted. 

Liquors derived from the treatment of cupriferous ores and 
concentrates, and containing 0.2 per cent, of copper in solution, 
were found to be quite amenable to a treatment similar to that 
which sufficed for the foul liquors from weathered concentrates. 

The following are notes of experiments carried out in con- 
nection with the investigation above referred to. 

The solution examined was one that was returned in a cya- 
nide-works as containing 44 grains of gold per ton, after it had 
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been twice passed through the extractors in the usual manner. 
An investi 2 :ation showed that it contained a considerable quan- 
tity of arsenic and nearly 1 per cent, of soluble sulphates in 
solution, resulting from the treatment of some exceedingly acid 
weathered concentrates. 

The solution was run through the extractors with the follow- 
ing modifications : 

(а) The solution was run through a tliird time at the rate of 2 tons per cub. ft. 
of zinc per diem. 

Assay bef.ire treatment, 2 dwts 12 grs. per ton. 

Assay after treatment, 1 dwt. 18 grs. per ton, 

(б) There were added 4 lbs of ammonium chloride per ton of solution, and it 
was run through at 2 tons per cub ft per diem. 

Assay before treatment, 2dtvts 12 grs. per ton. 

Assay after treatment, 1 dwt 17 grs. per ton. 

The addition of the above amount of ammonium chloride 
had thus no beneficial effect at the above rate of extraction. 

(c) There were added per ton of solution 4 lbs of burnt lime, slaked and made 
into a cream, and the precipitate was allowed to settle The rate of flow was 
not accurately determined, owing to the precipitate having reduced the rate of 
flow in pipe. 

Assay before treatment, 2 dwts 12 grs. 

Assay after treatment, 14 grs. 

(d) Solution {a) was run through again, for a fourth time, at 2 tons per cub. ft. 
per diem. 

Assay before treatment, 1 dwt. 18 grs. 

Assay after treatment, 5 grs. 

(e) The solution was run through again at especially slow rate of J ton per 
cub. ft. per diem. 

Assay before treatment, 1 dwt 11 grs. 

Assay after treatment, 2 grs. 

This shows a great improvement, and indicates that slow 
running is, of itself, more practically officacions and cheaper 
than the addition of chemicals to assist precipitation. 

It was found, however, that after the run had been continued 
for some hours, the assay of the eflluent rose to 12 and then to 
21 grains per ton. An examination of the zinc showed that 
it had been thickly coated with a white incrustation which con- 
sisted mainly of ferrocyauide of zinc. 

Ill all the above experiments there ■was only a trace of free 
cyanide or of alkali present in solution; and the ibrmatiou 
of the incrustation pointed to the necessity of the presence of 
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alkali or free cyanide in solution to pre^^ent any siicli re- 
action. 


(/) Some of the same solution as that used for the previous experiment \?as 
now run through the extractor at the rate of about ^ ton per cub. ft. of zinc per 
diem, after sufficient cyanide had been added to the solution to make it show 
0.08 per cent, of free KCy. 

Assay before treatment, 0 dwt. 19 grs. gold per ton. 

Assay after treatment, 0 dwt. 2 grs gold per ton. 

IvCy before treatment, 0.08 per cent. 

KCy after treatment, 0.023 per cent. 


This experiment shows that the addition of free cyanide 
causes a satisfactory precipitation. There was no incrn station 
formed on the zinc. The consumption of cyanide, however, 
amounted to 1 pound per ton ; and to avoid this, if possible, 
the investigation was continued, and 

(g) A similar experiment was carried out at the same rate of flow, but adding 
4 lbs. of slaked lime per ton of solution instead of cyanide, the precipitated 
sludge being allowed to settle. 

Assay before treatment, 0 dwt. 19 grs. 

Assay after treatment, 5 grs. 

KCy before treatment, ml. 

KCy after treatment, nil. 


The zinc was washed free from incrustation in dilute solu- 
tion of caustic soda prior to the commencement of this ex- 
periment, and sufficient new zinc was added to replace the con- 
sumption of previous runs. At the conclusion of the experiment 
there was a slight incrustation on the zinc in the first compart- 
ment only. 


{h) Experiment as above, but with 4 lbs. of caustic soda per ton added in place 
of lime. No fresh zinc was added, nor was the zinc washed. 

Assay of solution before treatment, 0 dwt. 19 grs. 

Assay of solution after treatment, 0 dwt. 1 gr. 

After the run the zinc was very black, and there was no in- 
crustation. 

{i) Experiment as above, but with less soda, and the rate of flow increased to J 
ton per cub ft per diem. 

Assay of solution before treatment, 0 dwt. 19 grs. 

Assay of solution after treatment, 0 dwt. 3 grs. 

{k) In this experiment the run was continued for some days at J ton per cub. ft. 
per diem, and samples were taken every 12 hours. There was no caustic soda 
VOL. XXVII.— 19 
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added, there being present only i lb. per ton of solution ; gold was added to 
make the solution up to 2 dwts. per ton. 

The solution assayed before treatment, 2 dwts. 0 gr. 

The solution assayed after treatment, 0 dwt. 2 grs. to 0 dwt. 5 grs. 

The above experiments show the perfect practicability of pre- 
cipitation from troublesome solutions by keeping the rate of 
flow at I- to i ton per cubic foot per diem, with tlie presence of 
from 0.01 to 0.15 per cent, of caustic soda. 

A further test was made on the precipitation of aurife- 
rous solution carrying quantities of copper, with the follow- 
ing results : 

(1) Used solution from the sumps, containing 0.12 per c6nt. of copper in solu- 
tion ; was run through extractors at the rate of ton per cub. ft. zinc-space per 
day. Half a pound of caustic soda was added per ton of solution. 

Gold in solution before treatment, 2 dwts. 0 gr. 

Gold in solution after treatment, 0 dwt. 0. 8 gr. 

Copper in solution before treatment, 0.12 per cent. 

Copper in solution after treatment, 0.097 per cent. 

The zinc was coated wuth metallic copper, but the precipita- 
tion at above rate of flow was practically perfect. 

Two more prolonged trials were then undertaken, in which 
a large quantity of solution was run over the zinc used in (/), 
without any addition of fresh zinc, for over a week, to note the 
effect of the metallic copper-coating on the zinc. It was found 
that the coating became disintegrated in the upper compart- 
ment, and that the precipitation continued unimpaired, though, 
as the quantity of zinc in the extractors was gradually less- 
ened, the effluent solutions rose in value proportionately. On 
replacing, however, with fresh zinc the zinc (ionsumed, the solu- 
tions again became practically gold-free, as in (/), 

In connection with the above precipitation-exi)erimeuls, two 
other points call for especial remaidc : 

1. The amount of alkali added is kept as low as possibhs to 
avoid any great excess beyond the amount required to neu- 
tralize the acidity of the ore and for zinc-box reactions, 

2. It is well known that the presence of alkali or alkaline 
carbonates, always present in used solutions, interferes with 
the silver nitrate test, making the solution appear to be 
stronger in available cyanide than is really the case, (fliem- 
ists in charge of works should^ therefore, be careful not to bo 
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misled by tliis test, or lowered extractions may result. The 
efiect of caustic potash or soda on double cyanide of zinc and 
potassium is not to regenerate all the cyanide of potassium as 
shown by silver-test, the test, as suggested by C. J. Ellis, being 
rendered unreliable by the silver throwing out the zinc from 
the double cyanide, and the zinc so displaced being dissolved 
by the KHO present, thus prolonging the titration. 

K,ZnCy, 2 AgN 03 + 4KHO = 2E:AgCy, + K,ZnO, + 
2KSO, + 2Hp. 


The Chromite-Deposits on Port au Port Bay, New- 
foundland. 

BY GEO vr. MAYNARD, NEW YORK CITY. 

(Chicago Meeting, February, 1897.) 

For an account of the discovery and the determination of 
chromite on Port au Port Bay I am indebted to Mr. Obalski, 
Government mining engineer for the Province of Quebec. 
He writes : 

June, 1894, with the authorization of our Grovernment, I went to New- 
foundland to examine some asbestos property. Passing through Halifax, I had 
interviews with some gentlemen who told me that besides the asbestos there was 
in the same district a big deposit of iron-ore. They handed me some specimens, 
and, after ascertaining that they were not magnetic, and learning that they were 
found in serpentine, I said they were chromic iron. I visited the place on June 
27, 1894, and confirmed my opinion, pointing out at the same time the importance 
of the deposit, as appears in my report of July 9, 1894. I do not claim any credit 
for the discovery of chrome-ore in Newfoundland; but, as a matter of fact when I 
came in contact with the Halifax gentlemen they did not appear to know the na- 
ture or the value of the mineral until I mentioned to them that it was chromite.'^ 

Mr. Obalski's report was mainly devoted to the asbestos-de- 
posits. That portion relating to the chromite w^as as follows : 

On the right side of the creek there is a show of chromic iron of good quality, 
which appears scattered through the serpentine in several places on the face of the 
cliff for 40 to dO feet. A few boulders are found farther up at a distance of 100 
feet, and also in the creek itself. From this point the deposit exists on a rela- 
tively large area, the widest exposures being from 6 to 7 feet. Chromic iron de- 
posits in serpentine rock have no regularity, and are merely pockets In the case 
of the property in question this rule is not changed, but the pockets look to be of 
large extent, and could be easily worked." 

My own preliminary investigation of the property was made 
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in September, 1895, and \vas followed in June, 1896, by a sec- 
ond and more prolonged examination. 

The deposits are located at Blutf-Head, Port an Port Bay, 
on the west coast of Jfewfoundlancl, in lat. 48°45^ hT., thirty 
miles from Sandy Point, on Bay St. George, which is reached 
by steamer from Halifax and Horth Sidney, Cape Breton. 
From the latter port the steamer skirts along the north coast 
of Cape Breton, touching at the fishing villages, until it reaches 
Cape Horth, when it crosses Cabot strait to Port au Basque, 
near Cape Pay, the southwestern point of Newfoundland. 
From there Sandy Point is reached in about eight hours, if the 
weather is good. 

Bay St. George is separated from Port au Port Bay by a 
narrow neck of land, called “ The Gravels,” about 1000 feet in 
widtli. A passage formerly existed at this place ; but it is now 
silted up by the drifting sands and gravel. The distance from 
Sandy Point across Bay St. George is fifteen miles, and Irom 
the Gravels across Port au Port Bay to BlutiJTead an addi- 
tional fifteen miles. 

Blutf-ITead is a bold headland of diorite, which rises ver- 
tically from the shore about 2000 feet. Between this headland 
and another of smaller altitude, about one and one-half miles 
north, the shore-line drops down to about 100 foot, the high 
hills receding for one-and-a-half to two miles, and forming an 
amphitheater, down which pours BlutWlead creek. This 
stream takes its rise in some small lakes on the high table-land 
back of the depression between the headlands. 

So far as I have been able to determine, the country-rock is 
diorite, traversed by freqirent and broad belts of serpenliue. 
At the head of the amphitheater the outcropping is sei'i)entiuo, 
with occasional massive diorite boulders. 

The serpentine is of the dark-green variety, and is at times 
almost black. 

The chromite, as in all other known deposits, is confined to 
the serpentine rocks, and the entire area in which the mineral 
has been discovered so far is controlled by the Halifax Chrome 
Company. 

' My original investigation consisted in the examination of the 
ex-posures on the mountain-side, the distance from the lowest 
exposure to the highest being about 800 feet, mcixsured on the 
surface. ' Seven exposures, ranging from 2 to 8 feet in width. 
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were originally identified and sampled, but the work of the 
past summer has shown that Avhat appeared at an intermediate 
point to be three separate bodies were really the outcrops of 
one body. 

The analysis of samples fro-m the different exposures gave a 
range of 39 to 50 per cent, of chromic oxide. The work of 
the summer of 1896 was confined to the stripping of the sur- 
face at the point where the outcrop measured 8 feet in width. 
After a relatively small amount of work, an exposure 97 feet 
in length, with a vertical face of 44 feet at the top by 46 feet 
on the bottom of the cutting, has been made. The ore breaks 
out in large angular masses, the partings between the masses 
being thin bands of serpentine. 

Blocks of serpentine act as “ headers to the masses of 
chromite, but are readily separated by the blow of a sledge. 
In the blocks of massive chromite there are no intrusions of ser- 
pentine other than the small granular particles which are pretty 
regularly distributed through the mass of chromite, and which 
will have to be removed by dressing in order to produce a 
marketable product of high grade. 

In addition to the stripping already referred to, openings of 
a more limited extent have been made on outcrops higher up 
the mountain, all of which bid fair to develop extensive bodies 
of ore. 

The work of the summer of 1896 was entirely preparatory, 
and consisted in the stripping already referred to, the construc- 
tion of a wagon-road to the shore, and the erection of houses. 

About 1500 tons were mined from the open cut, of which 
only 200 tons were shipped; and 278 tons in addition were 
carted to the shore. The lateness of the season prevented the 
shipment of a larger quantity. 

Although the sorting was done by men who had had no pre- 
vious experience, a cargo of 145 gross tons shipped to Phila- 
delphia, and there sampled and analyzed by Booth, Garrett & 
Blair, contained : 

Per cent. 


Chromic oxide, 49.90 

Silica, 6.99 


The ore was sent to Pittsburgh, and was used in the manufac- 
ture of chrome-brick for basic furnaces. A complete analysis 
of a selected lump gave the following result : 
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Cliromium oxide (Cr^Oj), .... 

Per cent. 

. 49.23 

Iron protoxide (FeO), 

. 17.21 

Magnesia (MgO), 

. 18.66 

Alumina (Al.^O^), 

7.50 

Silica, fSiOa), 

6.51 

Lime, vanadium, copper and manganese, 

. . . Traces 


99.11 


This and succeeding analyses were made hy Dr. Elwyn W aller. 

In the preliminary examination six well-delined exposures, 
lying one above the other within a distance of 120 feet, meas- 
ured on the surface, were sampled. Beginning at the exposure 
farthest up the mountain, the results were as follows ; 


Outcrop. 

Width. 

Chromium Oxide. 

No. 

Feet. 

Per cent 

1, 

2. 

40. 2S 

4, 

8 . 

50.21 

5, upper 1 

3. 

4").08 

6, lower J 


39.03 

6, 

4.5. 

48.92 

7, 

3. 

47.83 


The marketable standard of chrome-ore is 50 per cent, chro- 
mium oxide. For every unit above 50, from 75 cents to $1.00 
extra is paid ; but below 50 the deduction per unit is much 
greater. Low silica also enhances the value. 

By close sorting and cobbing an eflbrt is made to put a high 
grade of ore into the market, but the result is necessarily ir- 
regular. It is manifestly important, not only to raise the grade, 
but also to secure regularity of product ; and this result can 
only be secured by a regularly organized dressing-system. 

The only published record of chrome-orc concentration which 
I have been able to find is the report, in TJie Mbwal IiiduMri/ of 
1893, of experiments with the California ore from Han Luis 
Obispo county. The plant consisted of a ro(jk-l)rcakcr, a 
Huntington mill, crushing to 40-mesh, and Woodbury van- 
ners for separation. The highest results ranged from 53.76 to 
54.24 per cent., the crude ore containing from 43.84 to 50.44 
per cent, of oxide. 

While it will be possible, with close cobbing, to ship largo 
quantities of 50 per cent, ore from Port au Port, this could 
only be done by wasting much ore. In order, therefore, to de- 
sign a plant for utilizing the low- as well as the high-grade ore, 
a careful series of dressing-tests has bt^en carrie<l on at the 
Massachusetts Institute of Technology by Prof. R. A. Iticluirds 
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and his corps of assistants. I cannot express too strongly my 
obligation to Prof. Pichards for the keen interest which he has 
taken in this investic^ation. 

In the hope that he will contribute a paper to the Institute 
giving this series of tests in detail, I will limit myself to a state- 
ment of the final results. 

The net weight of ore treated was 2237 kilos, and was 
passed through a Blake crusher and Cornish rolls, then through 
a 20-mesh sieve, and thence to a hydraulic classifier, from which 
a finished product was obtained ; the overfiow going to Harz 
jigs and Frue vanners, and the tails finally passing onto a re- 
volving slime-table. 

The work is automatic from the time that the ore is fed into 
the Blake until the final products are obtained. 

The total dressed product amounted to 1690.4 kilos, or 75.54 
per cent, of the crude ore, and the total of tailings was 546.6 
kilos, or 24.46 per cent. 

The products were as follows : 

Analysis * 

Per cent, chromic oxide. 




Kilos. 

of product. 

Per cent. 

Hydraulic separator, 1st spigot, 

. 562.7 

33.29 

56.07 

Jig, 1st liiitch, . 


. 660. 

39.01 

54.18 

‘ ‘ 2d hutch, . 


. 140.5 

8.31 

55.34 

3d hutch, . 


. 17.3 

1.02 

54.80 

Vanner-heads, , 


. 177. 

10.47 

55.41 

Slime-table heads, . 


. 133.4 

7.89 

53.81 



1690.4 

99.99 



The dressed products from each source being mixed in the 
proper proportions, the analytical result was 55.30 per cent, 
chromic oxide. 

The analysis of all the final products was as follows : 



Chromium Oxide. 

Silica. 

Mark. 

Per cent. 

Per cent. 

Original ore, . 

. 47.94 

6.38 

1st spigot, .... 

. 56.07 

2.07 

1st hutch, .... 

. 54.18 


Table -tails, .... 

. 19.30 


Vanner-heads, 

. 55.41 


Mixed products, . 

. 55,30 


2d hutch, .... 

. 55.34 


Table- heads, .... 

. 53.81 


Jig-tails, .... 

. 24.28 


Vanner-tails, .... 

. 10.07 


3d hutch, .... 

. 54.80 
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The plant as at present designed will handle 50 tons of crude 
ore daily; the crushing-capacity is sufficient for 100 tons, and 
dressing machinery is to be added as required. 


The Chicago Main Drainage Channel. 

BY J. F. LEWIS, CHICAGO, ILL. 

(Chicago Meeting, February, 1897 ) 

Much has been written on this great engineering work, 
principally from the civil engineer’s stand-point. In present- 
ing the subject to the Institute, it seems necessary to include 
something of geology as well as engineering. In this case, it is 
particularlythe glacial and post-glacial periods with which we are 
concerned ; for it has been clearly proved that the canal recently 
excavated has not for the first time opened the Des Plaines 
valley for drainage away from Lake Michigan, and that this 
valley, as well as the site of this city, is very closely connected 
with the processes and efifects of the ice period. We have 
simply renewed a channel and a drainage direction which 
formerly existed. As the days of deep water-ways for com- 
mercial purposes are fast approaching, engineers may find the 
consideration of ancient topography and geologic changOvS 
highly useful. For what I may say on this subject I am 
greatly indebted to Mr. Ossian Guthrie, who has made an 
earnest study of glacial geology and labored especially to de- 
cipher the records of its history in this region.* 

Chicago is situated in the track of one of four great glacial 
ice-streams that swept down from the hforth: one moving due 
South from Marquette and entering the Illinois valley at 
Ottawa; one through the Lake Michigan valley, entering the 
Illinois valley near Lemont; one from Saginaw Bay diagonally 
across the States of Michigan and Indiana, entering through 

* Mr. Guthrie lias been identified with the interests of Chicago for the last fifty 
years, first as a mechanical engineer of the Old Bridgeport Pumping Works, and 
Chief Engineer of the Hydraulic Works of the Illinois and Michigan Canal. He 
built the second center turn-table bridge across the Chicago river, designed and 
made patterns for an engine that propelled the first tug on the river, and organ- 
ized and was chairman of the first committee appointed in 1885 to report on a 
drainage-system for Chicago. As the plans outlined by that committee liave 
been, in the main, carried out in the construction of the canal, Mr. Guthrie may 
he called “the father of the Chicago Drainage Caual.” 
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the valley of the Kankakee ; and the fourth moving westward 
through Lake Erie to the Wabash valley and overflowing 
southwest into the valley of the Illinois. Each of these streams 
has some distinguishing feature which enables the skilled ob- 
server to trace them back from the vicinity of Alton to their 
source, nearly 1000 miles away, as measured on their line of 
movement. 

Along the paths of these streams, native copper, Huron con- 
glomerates and granite boulders are found distributed. It 
would be hard to jflnd on the globe another place of equal area 
tvhere there is such a concentration of glacial evidence as 
within a radius of 100 miles of Chicago, or where the direction 
of glacial movement can be more positively determined than 
upon the Chicago divide between Lake Michigan and the Des 
Plaines valley. 

This glacier (the second of those above mentioned) is sup- 
posed to have been about 125 miles wide and 700 in length, 
covering an area of 87,500 square miles; at Chicago, about 
2500 feet deep, and at its source about 6000 feet. The average 
rain-fall throughout the lake-region is about 36 inches per 
annum, at which rate it would have required 2000 years to ac- 
cumulate this quantity of ice. 

Eig. 1 shows the southwest boundary of Lake Michigan 
during the period of glacial retreat from its south end to the 
Straits and while 50 feet above the present datum-line of Chi- 
cago ; also, its southwestern outlet through the valley of the 
Des Plaines during, and only during, the same period. In this 
the dotted lines on Blue Island ridge show the portions of the 
ridge that were washed away by the waves of Lake Michigan, 
leaving the boulders which are represented by the large dots. 
The noii:h point, marked “ gravel,” indicates a deposit of coarse 
sand and gravel carried there by the undertow of the waves. 
At the point marked “ brick-yard,” near the southern end of 
the island, the fine material which was carried in suspension 
was deposited upon the boulder-clay to the depth of 6 feet, 
wdiile the sand and fine gravel was deposited along the west 
side and south end of the island. To the west is Lane’s Island, 
containing a small lake about 400 feet long and 100 wide. 
This island shows no signs of having been aiffected by the 
waves, northwest of it is another island or intermediate mo- 
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raine, about 10 miles in length. Its north end, like that of 
Blue Island ridge, was exposed to the action of the waves and 

Fig. 1. ^ 



AMftRlCAN BANK NOTtt CO- N Y, 


Southwest Boundary of Lake Michigan During the Period of Glacial Ectreat. 
(50 feet above present Chicago datum-line. ) 

■worn away, leaving the boulders to mark its original outlinoH, 
•while the gravel and sand -wore carried to the lee of the island 
and deposited. 
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Fig. 2 shows the hounclary of Lake Michigaiij or an ancient 

Fig. 2. 



Ancient Bay at Site of Chicago after the Disappearance of the Ice from the 
Straits of Mackinaw. 


tay, after the ice had disappeared from the Straits of Mackinaw 
and the water had receded to about its present level.- The bed 
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of this hay is almost a perfect level from north to south, but it 
has a slight inclination towards the lake, being a little above 
datum where the foundations of our present buildings rest 
upon it, but below datum at the lake-shore, and you Avill notice 
that the outlet from the lake down the Des Plaines valley has 
been closed. The point marked “ copper ” is where a boulder 
of pure copper, weighing 90 pounds, was found while stripping 
at one of the quarries. It was buried beneath several feet of 
glacial drift. 

Fig. 3 shows the condition of Chicago at a still later period. 
The shaded portion on the map is a small inland lake formed 
by sand drifting across the mouth of the bay. This lake at one 
time stood about 11 feet above datum, and its eastern edge 
was at Michigan avenue and Thirty-fourth street of the pres- 
ent city, at which point, in excavating for the foundation of a 
building, many pieces of beach-worn wood were found upon 
the westward-sloping ancient and now buried beach. The silt 
from the flood-waters of the Des Plaines and the North Branch 
continued to fill this lake from the rear until these flood-waters 
broke through the sand-barrier and eroded the channel which 
we now call the Chicago river; and the site of Chicago was 
eompletod. After this, the silt was discharged into Lake 
Michigan, the ancient drainage being thus reversed. 

While these great changes were taking place on the shores 
of the lake, an adjoining forest was evidently destroyed by a 
cyclone, and the trees were blown into the lake. As the lake 
filled up, these trees were buried, and many of them have been 
found in excavating for foundations and sowers. Trees found 
in 1871 show magnificent growth — ^tho annual rings iudi(‘ating 
at least 250 years’ age. 

Most of these trees have been found without branches, 
stumps or roots, and showing the effects of the cyclone. The 
exact date of the destruction of this forest can bo only a))i)roxi- 
mated. It is supposed, however, that the formation of the 
sand-bar upon which this timber rests began with tlu) first 
north wind after the disappearance of the glacial ice at the 
south end of the lake, — the same wund that built 5 miU's of 
sandy plains in the Calumet region, — and the conclusion is 
pretty well supported that the time occupied in forming this 
sand-bar represents the first epoch after the close of the glacial 
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period j and the one during which gre\Y the forest of which the 

Fig. 3. 



Drains at Site of Chicago, Transforming the Bay of Fig. 2 into an Inland Lake. 


buried timber was a part. The destruction of this forest and 
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its burial mark the close of the first post-glacial epoch and the 
beginning of the second. This takes in the filling of the inland 
lake with wind-drifted sand from Lake Michigan and silt or 
yellow sandy loam from the turbid floods of the North Branch 
and the Des Plaines. If this conclusion is correct, the age of 
this timber is approximately^ 6000 years; for in 8000 years not 
only has a considerable part of the site of Chicago been depos- 
ited by the process above described, but 5 miles of the south 
end of Lake Michigan have been filled up. 

Fig. 4 shows the site of Chicago as it looked in 1812, showing 
old Fort Dearborn, Indian encampments, and the battle-ground 
of 1812. Down at the southwest corner, what is known as 
Lee’s place marks the site of Marquette’s winter quarters in 
1674-75, when he wdth two others coasted down Lake Michi- 
gan and entered the mouth of the Chicago river, at that time 
covered with ice. They weve obliged to haul their boat 2 
leagues to what is now the intersection of Robey street and the 
new^ canal with the Chicago river. In March the country was 
flooded, and Marquette and his companions were obliged to 
take to the trees for safety. 

The first house in Chicago was built in 1832 by Mr. N. C. 
Phillips, who is ymt living and resides in Texas. The growth 
of Chicago has been phenomenal; and for a number of years 
past the question of pure ■water has been uppermost in the 
minds of the people. No doubt the water of Lake Michigan, 
could it be taken from beyond sewagc-contaminatiou, is per- 
fectly pure and healthy to drink; but when one eonsiders the 
fact that on a lake-front of 32 miles a population of 270,000 
drains to the lake at all times, and 1,493,000 whenever the river 
from any cause discharges lakeward, there seems to ho suf- 
ficient reason for action. The city^-limits include an area of 
181 square miles, or 116,320 acres. There wore built, up to 
January 1, 1892, 4,690,838 feet or 888.321 miles of sewers, 
since 1855. The great question has been what to do with the 
sewage, and many committees have made it a study. 

Fig. 5 shows the fluctuations in the level of Lake Michigan 
for more than half a century. At the present time the lake is 
steadily rising, after a period of continued depression. It is in- 
teresting to note that the levels of the other great lakes do not 
vary coincidently with that of Lake Michigan. Thus it is said 
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that at the low period of 1896 in the latter, Lake Superior 
showed the highest stage of water recorded in its histoiy. 


Fig. 4. 
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Site of Chicago after the Lake had been Filled and the Chicago River Formed. 

On September 12, 1885, a supplementary committee, of which 
Mr. Ossiaii Guthrie and Mr. L. E. Cooley were members, was 
appointed to make a report to the executive committee of the 
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Citizens’ Association. This report was hastened by the fall of 
6|- inches of rain, September 2d, which caused a tremendous 
flood to pour from the Des Plaines river, down through the 
Ogden ditch and the Chicago river, into the lake. 

The report of this committee suggested the idea which de- 
veloped into the law of 1889, creating the sanitary district and 
providing for the drainage channel. 

In 1886 and 1887, the legislature passed bills for providing 
an adequate system of drainage for the city. Then came the 
organization of the sanitary district, October 14, 1889. The 
boundaries were fixed by a commission, and on Hovomber 5th 
wore submitted to the people. The vote was : 70,958 for; 242 
against. The sanitary district of Chicago is 18 miles long from 
north to south, and from 9 J to 15 miles wide. 

Then came the formation of the Chicago Drainage Board, 
which, after a careful and thorough survey of diftbrent routes, 
finally decided upon the position of the present channel (Fig. 
6). Eeal progress dates from December 8, 1891, upon the re- 
organization of the board. 

In order to carry out the plan as proposed by the engineering 
department, it was found necessary to divert the Des Plaines 
luver, which ran in a zigzag line through the valley. This has 
been done by cutting a channel 200 feet wide and 4 feet deep. 
The preliminary engineering work required a number of years; 
and it was not until June 8, 1892, that bids w^erc opened, and 
work on the canal was commenced in September of that year. 

The total length of the Chicago Drainage Canal, 28.05 miles, 
is divided into 29 sections: 14 of them practically all in dirt or 
glacial drift ; 6 in glacial drift and rock; and 9 all in rock. 
There are 6 sections which exceed a mile in length, namely : 
Sections 0, 7,022 feet; G, 6,479 feet; A, 7,300 feet; No. 1, 
6,700 feet; No. 8, 5,800 ; and No. 10, 6,000 feet. 

The dimensions are : for 14.9 miles through the rock-cut, 160 
feet wide at bottom, 162 feet wide at top; and in the glacial 
drift for 13.15 miles, 202 feet wide at bottom, and 290 feet at 
the water-line when the channel is carrying 22 feet of water 
(see Fig. 7). The channel at the junction of the Chicago river 
is 24.45 feet below datum ; at the Lockport end, 30.1 feet l)elow 
datum. The canal-datum level was established in 1836, and the 
mean level of the lake for eight months in 1847 about coincided 
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■with the canal-datum of 1836 (see Fig- 5). On the sections 
composed of glacial drift and rock, a retaining-wall has been 
built from the rock to 5 feet above Chicago datum. 

The excavation of glacial drift has been 28,059,488 cubic 
yards; of rock, 1 2,343,416 cubic yards; total excavation 40,- 
402,904 cubic yards. There are 371,969 cubic yards of retain- 
ing-wall. The average contract-price was 76.3 cents per cubic 
yard for rock ; 28.9 cents for glacial drift ; for all retaiiiing- 
wall on the canal, |3.27 per cubic yard. 

After the bids had been awarded the “ lucky ” contractors 
felt as if they had “ drawn a white elephant,” especially 
those who fully appreciated what they had to do in order to 
fulfill their contracts in the time specified, and do it at a profit. 
There were many special conditions on the work, to meet and 
to overcome which required a great deal of ingenuity and skill. 
Some of the sections had to be fitted up with two different plants 
— ^first for glacial drift, then for rock-excavation ; and many 
ingenious devices for handling the material w’cro developed. 
The cost of machinery and equipment was about $2,750,000 ; 
the greatest number of employes, 8500 ; the consumption ot 
explosives, about 10,000,000 pounds. The maximum work ex- 
cavated in one month was as follo'ws: Glacial drift, 555,737 
cubic yards; solid rock, 120,780 cubic yards; of retaining- 
wall there were built 45,380 cubic yards ; the aggx’ogate price 
was $403,464.92. 

The sections of the canal are designated by numerals ifom 
Willow Springs to Loekport, and alphabetically frt)m Willow 
Springs to Chicago. Commencing with Section 0 ” at Chi- 
cago, the work on each section will be briefly described. 

Section 0 . — The top soil was removed by wheel scrapers 
loading from overhead inclined-plane platforms into cars drawn 
in trains by horses. A portion of the top-lift was also removed 
by steam-shovel, loading on to flat cars which were takim over 
the Illinois Central E. E. to the lake-front imi)rovement. 'The 
remaining excavation was done wnth dipper dredges, delivering 
into barges which were towed out into Lake Michigan and 
damped at places where the water is not less than 50 feet deep. 
The etficiency of the dredges is 600 cubic yards per day, at a 
cost of about 12 cents per cubic yard. 

Section N . — The top-lift, to the depth of about 5 feet, was re- 
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moved in trains of Petler cars loaded by wheel scrapers, dump- 
ing from a raised platform through a trap. These cars were 
also loaded by hand-labor, piek-and-shovel method. At the 
present time, the remaining excavation is being made with the 


Fig^ 6, 
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Chicago Drainage District and Main Drainage Channel. 

steam-shovel, incline and tipple method, as used by theHeiden- 
reich Oo. on Sections L and M. 

Sections L and M . — These two sections were worked as one, 
the Heideiireieh Co. having the contract for both. The top- 
soil, to the depth of from 6 to V feet, was removed largely by 
wheel scrapers, “ New Era” graders and dump-ears. The re- 
mainder of the material was taken out with steam-shovels and 
incline-conveyors (see Eig. 8). The excavation was made Ion- 
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gituclinally and in two lifts of 20 feet each. The average out- 
put was 750 to 800 cubic yards per day, at a cost of about 12 
cents per cubic yard. 

Sections I and K . — ^While the main excavating-plant was be- 
ing installed, the removal of the top-soil to an average deiith of 
5 feet from the entire surface of the two sections was etfected 
with New Era graders and wheel scrapers. In this manner, 
during a period of live months, nearly* 475,000 cubic yards 
were excavated at a cost of from 10 to 11 cents per cubic yard 
by* the New Era graders, and from 14 to 16 cents per cubic 
yard by* the wheel scrapers. The Now Era graders are credited 
with about 500 cubic y*ards per 10-hour shift. Eour truss- 
bridge conveyors, operated in connection with four steam- 
.shovels, constituted the main idant for the removal of the re- 
maining 1,800,000 cubic yards of earth or “ glacial drift. 
This method w*as patented by the contractors, Christie and 
Lowe. The bridge-eoiiveyor is a riveted steel truss, standing 
on piers which are mounted on trucks. These trucks travel on 
tracks laid parallel to the canal. The pier nearest the canal 
forms also a part of the inclined trestle-approach. This ap- 
proach extends from the conveyor to the edge of the canal, a 
distance of 80 feet, which is the width of the berm. Tbvo tracks 
extend from the steam-shovel up the slope and along the tre.stlc 
and on the bridge-floor. The power-house is carried on a plat- 
form attached to the for-ward pier of the convey*or. Two of 
the conveyors had a span of 210 feet and a level floor; and two 
had a span of 180 feet and a floor sloping towards tlio cut at 
the rate of 1 foot in 20. The bottom-chords of the trn.s.sos 
are 35 feet above the natural surface of the ground, and tlii.s is 
the limiting height of the spoil-bank. The stoam-sboved works 
across the channel from slope to slope, making a series of trans- 
verse cuts. The excavation w*as made in tw'o stopes or liffs of 
about 17 feet each (see Fig. 9). The efficiency* of the conveyor 
w'as about 820 cubic yards per day, at a cost of 15 cenfs per 
cubic yard. 

Sections G and II . — Five methods were employed in the ex- 
cavation of these two sections. A considerable portion of the 
surface was removed with Western wdicol scrapens and with 
steam-shovels loading into Petlor If-euhic-yards dump-cars, 
which were hauled in trains to the dump by horses. 
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The third means was the Bates rubher-helt conveyor. This 
device consisted of two rubber belts, 22 inches wide, running 
tandem on rollers made in the shape of a double cone. One 
belt extended across the cut and up onto the steel truss-bridge, 
which spanned the spoil-area and carried the second belt. The 
combined length of the two belts was 908 feet. The steam- 
shovel delivered the material to a brick-makers’ granulator. 



CROSS SECTIONS OF THE CHANNEL IN ROCK 






CROSS SECTIONS OF THE CHANNEL IN EARTH 

Sections of the Chicago Main Drainage Channel. 


This cut up the clay and fed it upon the belt, which in turn 
transported it to the dump. The granulator was mounted on 
trucks parallel to the belt. The bridge carrying the belt was 
mounted on tracks, so that it could be easily moved forward as 
the excavation advanced. The average capacity of the belt 
was about 500 cubic yards per day, with a maximum of 1200 
cubic yards. 

The fourth apparatus was the Hoover and Mason steel-helt 
cantilever excavator (see Fig. 10). This machine spans the 
canal, being mounted on two cars, placed on either side of the 
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cliannel. It was first built wfitb two cantilover-arms, so that 
the excavated material could be deposited on either or both 
sides of the canal. The excavator as thus built had a combined 
length of 632 feet, a height of 90 feet and a width of 20 feet. 
The conveyor consists of a series of steel pans, hinged togethei 
at the ends, forming practically an endless belt (see Fig. ^11). 
The pans are made of Ho. 12 gauge steel, and are 4 feet from 
center to center of axles and 8 feet 10 inches wide. The axle 
carries the wheels and eye-bars which form the chain. The 
wheels unon which the conveyor travels are 7 inches in diame- 
ter. Tliis belt is driven by a l|-ineh manilla rope, wHich con- 
veys the power from the engine to the end-gearing. The total 
length of the belt on the machine is 1000 feet, with 250 pans. 
Total weight of machine, 180,000 pounds. Cost of machine, 
about $35,000. This machine has finished its work on the 
canal and the total volume of material excavated by it is 
241,000 cubic yaixls, at a cost of from 8 to 9 cents per cubic 
yard. 

The fifth plant consisted of the Gahau and I3yrne incline and 
tipple, which were similar in. design to those used on Sections 
L and M hy the Heidenreich Co. (see Fig. 8), hut difterod from 
the latter in that they Avere built of steel instead of AA’ood, and 
the spoil-hank capacity Avas greater. These inclines bold the 
banner record for greatest efficieuey in cubic yards ot output 
among all the dry methods of oxcaAration on the canal. The 
incline on Section If made a I’ceord in August, 1895, of 920 
cubic yards per 10-liour shift, day- and night-Avork. One of 
these plants is on each of these sections. 

Section F. — This, like its neighbor, Section E, has had a 
Auiried history. It is noAV in the hands of its third contractors, 
Messrs. Gahau and Eyrue. Eickcr, Leo & Co., the first 
contractors, removed nearly all of the first 8 feet of the excava- 
tion with Avhecl scrapers. After this, the contractors continued 
the excavation Avith a steam-shovel, loeoinotive and car ]tlant, 
Avhieh calls for no special description. They removed 500,000 
cubic yards by the aboye methods, Avhen, asking for and tailing 
to receive an increased price for the cemented bonlder-ehiy 
Avliich they eneountered, they discontinued Avork, and on Janu- 
ary 30, 1805, the section aa^b re-let to "Weir, McKechiu'y & 
Co., Avho, installed a, hridge-con\'eyor plant, similar to that of 
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Christie and Lowe (Fig. 9), paying the latter 1 cent per cubic 
yard as royalty for the use of the method. 

Section E . — Streeter and Kenefick, the original contractors for 
this section, removed some 560,000 cubic yards by the same 
methods as those employed on Section F by Iiicker,"Lee & Co.; 
that is to say, from 3 to 8 feet of the top-soil from the entire 
surtacc of the section was excavated with wheel scrapers, 
and the remainder, 160,000 cubic yards, with steam-shovel, 
locomotive and car plant. The contractors reached the hard 
material, similar to that on Section F, removed some 70,000 
cubic yards of it at a cost to them of 69 cents per cubic yard, 
and then asked the Board to allow them greater compensation, 
which being denied, they discontinued work. On September 
19, 1895, the section was re-let to Angus and Gindele, who at 
first continued the excavation by the same method as their 
predecessors, but in the latter part of 1895 and early winter of 
1896 installed two steam-shovels, incline and tipple plants, with 
which they advanced the work up to December, 1896. The 
bid of Angus and Gindele was J-cent per cubic yard less than 
that of Streeter and Kenefick, which was 27J- cents. 

Section D. — Era graders and Avheel scrapers W’ ere used 
on this section for the removal of the top-soil. A steam-shovel, 
locomotive and car plant wms installed for the rest of the exca- 
vation. The contractors, E. D. Smith & Co., started the steam- 
shoved cuts on the north side of the channel and advanced in 
longitudinal cuts toward the opposite side, each cut being 
deeper than the preceding one. The object was that when they 
reached the opposite side the shovels would be at grade, and 
would then advance toward the north side again, completing 
the channel. The tracks leading from the pit to the dump 
were located at the center of the section and extended In each 
direction, parallel to the canal. 

Section C . — The plant for this section was similar to that just 
described on Section D. General William Sooy Smith oper- 
ated a hydraulic dredge on the west end of the section. This 
dredge, instead of having a revolving cutter to loosen and 
mix the muck with the water, was fitted with a system of hy- 
draulic jets. 

Sections A and £. — ^All of Section B and the greater part of 
Section A extended through the bed of the Des Plaines river. 
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The river-hccl at this point was formed by deposits of alluvium 
and decayed vegetation, and the depth of this material varied 
from 1 to 25 feet. The problem of its excavation was successfully 
solved by the hydraulic dredge method. The muck was mixed 
-with the water by means of a revolving cutter at the end of the 
suction-pipes, where it was drawn in by powerful centrifugal 
pumps and forced through the discharge-pijoe for a distance of 
sometimes 3000 feet to the discharge, or settling-basin. After 
the suspended material had been precipitated, the water was 
allowed to return by a circuitous route to the dredge-j)ond, and 
was again pumped out. From 25 to 80 per cent, of the dis- 
charge was solid matter. Two of these dredges removed 
million cubic yards from these two sections at a cost of about 
5 cents per cubic yard. The capacity of the dredges was from 
1700 to 7000 cubic yards per 10-hour shift each. After the 
hydraulic dredge work was finished, the sections were nnwa- 
tered and plants installed for excavation of the hard matci’ial. 
On Section B, the east half was completed with steam-sljovol, 
locomotive and cars, and the west half was excavated by steam- 
shovel, working in connection with a car-incline; the tracks 
e.xtending from the pit to the dump in a continuous loop, which 
was humorously termed the “ meiuy-go-round.” 

On Section A, two Gould conveyoi-s were installed for the 
handling of the hard material. This w'as a method designed 
and patented by Mr. Charles L. Gould, C.E., of Chicago (see 
Fig. 12). The system has all the merits claimed for other 
bridge-conveyors, and others which, briefly noted, are : It grades 
for its own tracks and can therefore be used economically over 
a very rough or uneven surface, where the expense necessary 
to the grading of tracks for any other conveyor would greatly 
increase the cost of maintenance, if not bo prohibitive. The 
spoil-bank capacity of this conveyor is er|ual to the height of 
the conveyor-deck; whereas with other types it is only C(pial to 
the height of the bottom chords of the bridge. 

The capacity of the Gould conveyor is 9(38 caibic yards ])er 
day. This was the record made by one of these plants, in De- 
cember, 1896, when in 35|- 10-hour shifts, day- and night-work, 
33,431 cubic yards were excavated, at a cost of about 8 cents 
per cubic yard. 

To prevent sloughing-in of the muck, the hydraulic dredges 
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removed the material from a greater width than the finished 
cross-section of the canal required. This necessitated the re- 
vettiiig of the sides of the canal ; and this work was done ahead 
of the Gould conveyors by a land-dredge, shown in Fig. 13. 
The general dimensions of the land-dredge are as follows : 
Total length of car, 60 feet; total width, 18 feet. Total height 
of dredge above rail, 49 feet 3 inches. Maximum diameter of 
circle made by dipper, 152 feet. Total length of dredge with 
dipper-arm extended, 133 feet. Length of boom, 64 feet. 
Length of dipper-arm, 44 feet. Capacity of dipper, 1;^ cubic 
yards. The land-dredge makes a cut to level of track 90 feet 
wide at bottom, raises material to a maximum height of 45 feet, 
and deposits it 76 feet from the center of the dredge. It is 
mounted on 16 wheels, in 4 trucks, standing on two 30-inch 
gauge tracks. The total weight of the dredge is 90 tons. 

Section 1. — This section was awarded to Griffiths and McDer- 
mott, June 6, 1894. They equipped it with a steam-shovel, 
locomotive and car-plant for the removal of the glacial drift. 
This was dumped on the spoil-area on each side of the channel, 
except 165,000 cubic yards, used to build the protection-levee 
between the river-diversion and the main channel on Section 
A. Section 1 was supposed to be the beginning of the rock- 
excavation ; but, as a matter of fact, rock has been found on 
Sections F, E, D, B and A, varying from a few inches to 10 or 
12 feet in depth of cutting. Section 1 has the beginning of the 
retaining-wall, and the transition from the walled to the un- 
walled channel and from 160 feet to 202 feet in the width of 
the bottom. 

For the excavation of the rock on this section, two methods 
have been used; the first being the incline and tipple, differing 
from those described on Sections L, M, G, H and E only in the 
method of loading, and the car used. The incline was built of 
steel instead of wood. The cars were constructed of boiler- 
steel to meet the wear and tear of the rock, and were loaded 
chiefly by hand, although an air-hoist derrick on top of the 
■working-face, for handling large masses of rock, was used. 
The contractors also purchased two of the three Brown can- 
tilevers from Section 10, which are working satisfactorily (see 
Fig. 20). 

Sections 2 and 4. — Sections 2, 3 and 4 were originally awarded 
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to McArthur Brothers, hut the early stages of the excavation de- 
veloped a hard material which an ordinary steam-shovel would 
not remove. This led the contractors to ask for a reclassification 
or a readjustment of the prices for the excavation of glacial drift. 
Ifo satisfactory agreement was arriv^ed at, and the sections were 
surrendered by mutual consent, without prejudice to either 
party. Ifew bids were opened October 4, 1893, in which the 
prices for glacial drift ranged from 45 cents to $1 per cubic 
yard. On October 17, 1893, McArthur Brothers made a 
proposition to the Board of Trustees to do the work at the fol- 
lovdng prices per cubic yard for glacial drift : Section 2, 50 
cents; Section 3, 56 cents; Se-tion 4, 49 cents. For Sections 
2 and 4, McArthur Brothers’ bids made the aggregate cost of 
these sections less than any other bids and they were authorized 
to go ahead with the work. Gilman & Co. secured Section 3. 
The glacial drift was excavated by steam-shovels worked in 
connection with car-incline hoists. The steam-shovels removed 
or excavated the material in a series of longitudinal cuts, deliv- 
ering to excavation cars (of 8 cubic yards’ capacity), which 
were hauled by teams to the foot of the incline, where they 
were hoisted to the berm and thence again drawn by teams to 
the dump, which was mainly on the north side of the canal. 
After the solid rock had been sufficiently uncovered to permit 
its excavation to advantage, 4 Lidgerwood travelling cable- 
ways (Fig. 14), 2 on each section, were erected for its removal. 
The cable-way as a means of transporting material is not new, 
but its use in canal-making is new; and the construction of the 
Chicago drainagc-canal served to develop many valuable im- 
provements in this method, as, for instance, the portable or 
travelling towers and the aerial dump (Fig. 15), without either 
one of which the cable-way would not have been a success on 
the canal. The span of the cable was from 550 feet to 725 feet, 
with towers 93 and 73 feet high. Efficiency, 300 to 450 cubic 
yards per 10 hours, handled at a cost of from 28 to 30 cents 
per cubic yard, which included the labor of loading skips, super- 
intendence, fuel, oil and waste, repairs, maintenance of tracks, 
etc., and the pay of the crew to run the cable-way. Nineteen 
of these cable-ways were used on the main channel and one on 
the river-diversion, costing $14,000 each. 

All drilling on Sections 2 and 4 was done with steam. 
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The building of a considerable amount of the retainiiig-wall 
on the canal was sub-let. On Section 2, Winston & Co. had a 
sub-contract for the building of 29,135 cubic yards of retaining- 
wall out of a total of 86,480 cubic yards. The remaining 7345 
cubic yards was built by the regular contractors, McArthur 
Brothers. Fig. 16 was taken near the close of Winston & Co.’s 
work, August 15, 1896, and shows the quarry- and retainiug- 
wall derricks in operation. Winston & Co. also had the con- 
tract for the 2700 cubic yards of retaining-wall on Section 8. 

Sectmi 3, — In the re-advertising of Sections 2, 3 and 4 and 
the proposition submitted by McArthur Brothers, the bid of 
Gilman & Co. for Section 3 was the lowest. On January 3, 
1894, McArthur Brothers relinquished the contract; on the 
10th the section was formally awarded to Gilman & Co. Their 
glacial-drift plant was similar to that for Sections 2 and 4 ; and 
their rock-plant consisted of 4 Lidgerwood cable-ways. Drill- 
ing was done with compressed air, supplied by a Band 18 by 30 
duplex air-compressor. Drilling on this section cost 6 cents 
per cubic yard; channeling, 7 cents per cubic yard; blasting, 9 
cents per cubic yard ; and pumping, 2 cents per cubic yard. 

Section 5. — This section was assigned January 18, 1894, to 
the Qualey Construction Co., which was working the section 
at the time as sub-contractor. Six methods were used for the 
excavation of the glacial-drift, as follows : wheelbarrows ; wheel 
scrapers; ear-incline hoist (ears loaded by hand); clam-shell der- 
ricks; steam-shovel, locomotive and cars; and steam-shovel work- 
ing in connection with car-hoist. For the rock-excavation, a 
Lidgerwood eahle-way and two McMyler revolving derricks 
were employed. Fig. 17, which shows the latter, is interesting 
also as an excellent instantaneous view of a blast. The 
McMyler derr'eks were moved from Section 7 after the com- 
pletioiT of that section in May, 1896. Some of the rock was 
taken out with the clam-shell derricks, which were arranged to 
handle that material. Car-incline hoists were also used to 
some extent for this work. This section has had two serious 
land-slides, one in March, 1894, and the other in September, 
1896. Both were caused by the weight of the spoil-banks 
placed upon the berm, which, owing to the plastic or quick- 
sandy nature of the material overlying the rock, would not 
sustain the additional load. The first catastrophe occurred 
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before tbe retainiiig-ivall vvas built, and the second after the 
completion of the wall and the canal at that point. In each 
case the slide necessitated the removal of over 16,000 cubic 
yards of material. 

Section 6. — This section was assigned to Mason, Hoge, King 
& Co., April 25, 1894, and ivas considered one of the hardest 
and most discouraging sections on the canal ; but under the 
skillful management of Mr. John King it turned out well for 
the contractors. Charles Vivian & Co., sub-contractors, exca- 
vated some 60,000 cubic yards of the top-soil and clay overly- 
ing the hard material on the east end of the section by means 
of a steam-scraper, which was operated with cables and a wind- 
ing-engine. The device worked fairly well in easy-digging ma- 
terial, free from boulders, but would not work in the hard ma- 
terial. 

The west half of the section extended through a marsh ad- 
jacent to the Des Plaines river. The depth of the vegetable 
and alluvial deposit was from 3 to 18 feet, and for its removal 
Charles Vivian designed a hydraulic dredge, which proved to 
be a splendid success. It excavated 241,000 cubic yards in 
251.8 10-hour shifts, actual working time, which vras at the 
rate of 957 cubic yards per 10 hours. The best month’s record 
made by tliis dredge was 56,061 cubic yards, and the best day’s 
record 2740 cubic yards in two 11-hour shifts. The cost of 
excavation was 4.15 cents per cubic yard, including repairs and 
maintenance, exclusive of cost of plant. Including cost of 
plant, it was 10.08 cents per cubic yard. Of the total volume 
moved by the dredge, as given above, 28,000 cubic yards were 
excavated from Section 7. After the dredge-work was com- 
pleted, this part of that section was unwatered by Mason, TIoge, 
King & Co., and the cemented gravel, boulders and glacial drift 
were taken out with Little Giant traction steam-shovels, loaded 
into cars, hauled by mules to the foot of incline-hoists and, 
when raised to the top of the berm, again hauled by mules to 
the dump. The rock-plant consisted of 4 Lidgerwood travel- 
ling cable-ways, which wmre also used in the excavation of some 
of the glacial drift. A 20 by 80 duplex Band compressor sup- 
plied compressed air for the drilling, hoisting cars on incline, 
pumping and working of derricks. 

Section 7. — On April 25, 1894, this section was assigned to 
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Mason, Hoge & Co., and was worked bj'' Goocli, Rinehart & 
Co., members of the Mason-Hoge syndicate. This section is 
the beginning of the all-roek sections, which did not require 
any special plant for the removal of the glacial drift, other than 
wheel or drag scrapers, wheelbarrows, and mules and carts, 
which were the means employed for the limited amount of 
earth on this as well as other sections following. The rock- 
plant consisted of three car-incline hoists for the top-lift, and two 
McMyler revolving derricks (Fig. 19; see also Fig. 14), placed 
in the pit and delivering the rock to the dump. 

About the time that Gooch, Rinehart & Co. took charge of 
the work, the McMyler system was changed. The revolving 
derricks were taken from the pit and placed upon the berm, 
the boom being lengthened from 82 feet to 123 feet, giving a 
radius of 97 feet. Two of these derricks worked together, op- 
posite each other; that is, one was placed on each side of the 
channel, and each removed half of the excavation, delivering it 
direct from the pit to the spoil-bank. It is believed that these 
machines hold the banner record over all others for the greatest 
10-hour output, which was made on March 18, 1896, when two 
of these derricks removed 605 bucket loads, giving a total 
volume of 980 cubic yards of solid rock-working. There were 
59 laborers in the pit, making the amount of rock handled 
16.6 cubic yards per man. These derricks removed 279,323 
cubic yards in 492 10-hour shifts, giving an average of 568 
cubic yards per shift for the entire period. After the derricks 
had been changed to independent machines, the two conveyors 
were re-built into cantilevers (Fig. 18), one arm extending to 
the center of the canal and the other arm 105 feet over the 
spoil-area, the total length of the cantilever being 231| feet. 
These cantilevers, like the derricks, travelled on tracks parallel 
to the canal. The volume of rock handled by the cantilevers 
was 168,475 cubic yards in 337 10-hour shifts, -which was 
equivalent to 500 cubic yards per day, for the two machines. 
A Lidgerwood cable-way completed the rock plant. All the 
drilling and some of the drainage-pumping and hoisting was 
done with compressed air, supplied by a 20 by 30 duplex Rand 
compressor. 

Section 8. — This section was assigned to Mason, Hoge, King & Co. 
on January 18, 1894. Two-thirds of the section was excavated 
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by Mason and King, and one-tWrd by Eosser, Hoge and 
Scruggs, all members of the Mason-Hoge syndicate. In the 
excavation of the top lift or stope, ear-incline hoists of the Ma- 
son-Hoge type were used (Fig. 21). Mules and carts were also 
used to some extent in this part of the excavation. From five 
to six cars were worked at each lace. The cars, “when loaded, 
were drawn one at a time to the foot of the incline and hoisted 
to the top of the spoil-bank, which was from 18 to 25 feet high. 
Here again the cars were hauled by mules over diverging 
tracks to the points of dumping. Frequently two faces were 
worked by one incline. The efficiency of this method was as 
high as 575 cubic yards per 10 hours ; this being an average 
for a month. The average haul in the pit and on the dump 
was 600 feet. 

The two remaining lifts were removed with 5 Lidgerwood 
cable-ways. All drilling, pumping and hoisting on this section 
was done with compressed air. The section is now finished 
with the exception of 19,782 cubic yards of rock at the point 
where the Santa Fe E. E. crosses the channel. The greatest 
output on this section for any one month was in June, 1894, 
when 72,934 cubic yards of rock and 3516 cubic yards of earth 
were excavated. 

Section 9. — This section was assigned to Halvorson, Eicharcls 
& Co., January 18, 1894. They assumed and increased the 
plant which had been installed by a sub-contractor under their 
predecessors. This plant consisted of twm Hulett-McMyler 
derricks (Fig. 19) and conveyors, which were identical with 
those placed on Section 7. These machines on Section 9 were 
not remodelled or reconstructed into four independent convey- 
ors, as was the ease on Section 7, but were used as first built 
until the completion of the section in October, 1895. The total 
number of cubic yards of rock handled by these two machines 
was 318,979 in 401 days, giving an average output of 398 cubic 
yards pier day per machine. In addition to the MeMyler ma- 
chinery, four car-inclines were used, not only for the removal of 
the first lift, but also for the second and third lifts. This was 
the only section on which car-inclines were employed in con- 
nection with the rock excavation on the second and third lifts ; 
and this was a distinctive feature of the work on this section. 
The spoil-dump began at the 50 feet berm-limit and extended 
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Lack to tlie river-diversion levee on the north side of the eanal, 
a distance of about 1000 feet. The average haul was 700 feet. 
Trains of ten and twelve li~‘^ place ”-yard capacity Petler 
dump-ears ^vere hauled by teams to and from the working-face 
to the foot of the incline^ and after being hoisted to the level 
of the dump were again drawn by teams to the point of dump- 
ing. The efficiency of these inclines was from 450 to 600 cubic 
yards per shift. This was the only one of the rock-sections 
which did not use compressed air for the drilling. 

Seetion 10. — This is one of the long sections of the canal, be- 
ing 6000 feet in length. The first shovelful of earth was taken 
from this section and the first blast fired on the canal took place 
here. The event was appropriately observed by “ Shovel-Day 
exercises, September 3, 1892. Just three years after this, on 
September 3, 1895, Section 10 was completed — ^first of all the 
sections of the canal. This event w^as likewise commemorated 
with suitable ceremony. A tablet bearing the two dates, etc., 
was placed in the side of the rock on the dividing-line between 
"Will and Cook counties. 

E. D. Smith & Co. were the contractors for this section. 
The top-lift w^as removed with car-inclines of a special design, 
used only on this section. Briefly described, it consisted of a 
single track on the dump, which, at a point about 75 feet from 
the edge of the canal, branched into two tracks forming a loop 
in the pit. Each incline was equipped wdth 12 side-dump cars, 
and the loaded cars were hauled out in trains of three ears by 
a hoisting-engine, placed some distance back on the spoil-bank. 
The cars, when dumped, returned to the pit by gravity, the 
speed being controlled by the hoist-engineer. The empty trains 
returned to the pit over the loop. The advantages of this type 
of car-incline w^ere : a minimum haul, and no delays due to men 
waiting for cars. Three of these inclines were employed and 
some 315,000 cubic yards solid rock were removed by this 
means. The average efficiency of this type of incline was 
about 300 cubic yards per day. The triangular portion of rock 
on the side of the canal over which the incline passed to the 
berm was removed by mules and carts after the incline-excava- 
tion had been finished. The remaining excavation, consisting 
of the second and third lifts, was removed by three Brown can- 
tilevers (Fig. 20). These machines had a total length of 355 
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feet The height of the arm extending over the dump was 95 
feet above the ground, and^ allowed a spoil-bank 80 to 85 feet in 
height. The crane was mounted on trucks and moved back 
and forth on the tracks along the berm by gearing connected 
with the engine. In moving along the berm, the speed could 
be varied from 150 to 400 feet per minute. Three levers con- 
trolled all movements of the machinery. The total weight of 
each cantilever was 150 tons, and the cost was $28,000. The 
travel of the bucket was 343 feet, and the load was dumped au- 
tomatically at any desired point on the upper arm. The con- 
tracts for the first two of these machines placed on the canal 
called for an efficiency of 225 bucket-loads per day, which was 
equivalent to about 390 cubic yards of rock. But after the first 
year these machines reached a monthly output of 15,000 to 
16,000 cubic yards per cantilever, which was equivalent to 600 
cubic yards of rock per 10 hours. 

Two 18 by 30 duplex Meyer-valve Rand air-eomi3ressors fur- 
nished compressed air for all drilling, pumping and hoisting. 

Sections 11, 12 and 18. — These sections were under one con- 
tracting firm. Mason, Hoge and Co., and will be described to- 
gether for that reason, and also because the methods employed 
in the excavation were substantially the same, though the work 
was divided among a number of subordinate companies formed 
by the members of the firm named. The top-lifts were taken 
out wnth the Mason-Hoge car-incline (Fig. 21). Carts and 
mules were to some extent used for the first stope. After the 
first lift had been excavated, eight Brown cantilevers were in- 
stalled for the remaining excavation. These machines began 
work about October 10, 1893, and finished ISTovember 6, 1895, 
working 3608.7 10-hour shifts, and moving 2,084,700 cubic 
yards solid rock at a cost of 2 cents^ per cubic yard. This in- 
cluded only the cost of conveying the rock from the pit to the 
dump, and did not cover the cost of channeling, drilling, blast- 
ing, loading I’ock into the buckets or superintendence. The 
cost of conveying (2 cents per cubic yard) included the cost of 
labor operating the cantilever, fuel, oil, waste and repairs. The 
Brown Hoisting and Conveying Machine Co. of Cleveland, 
Ohio, erected and operated these machines, receiving from the 
contractors 15 cents per cubic yard, which gave them a clear 
profit of about 13 cents per cubic yard. One of the first Lid- 
gerwood cable-ways placed on the canal was on Section 11, and 
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Sections L and M. — Heidenreicli Incline and Tij)ple. 
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Sections I and K. Christie & Lowers Bridge- Conveyor. (Excavation made in two benches, and canal finished as work advanced. ) 
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Seotion H, —General View of Hoover & Mason Steel Belt Excavator (see Fig. 11). (Canal finished to grade, ) 
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Steel Belt of Hoover & Mason Excavator (see Fig. 10). (Looking up tlie Cantilever-arm towards the spoil-bank. ) 



Section A. — Gould Conveyor, 

(The steam-slioyel is just cutting out,” i.e., finishing one of the transverse cuts across the channel from slope to slope. 
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Section A.— Jones-Lovell Land-Dredge, Used in Eevetment and Slope Work ahead of Gould Conveyor (Fig. 12). 



Sections 2, 3 and 4. — Lidgerwood Traveling Cableway. (This view was taken on Section 7, where this cableway was also 
employed. On the right is seen a ITulett-McMyler revolving derrick. ) 



Cableway . 




Section 2.— General View of Winston & Co.'s Eetainiiig-Wall and Quarry Work, at its Close, Aug. 15, 1890. (In the foreground a 
Lidgerwood Cableway is removing the debris remaining from the wall-work. ) 


17 . 



Dynamite-Blast, under UiiIett-McMyler ReTolving Derrick. (Looking west on one of the curves. A charge of 400 Ihs, of 

dynamite is displacing about 600 cubic yards of solid rock. ) 
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Section 7. — Hiilett-McMyler Cantilevers. (One on either side of the canal, and each serving about one-half of the excavation. ) 




Section 9. — Hulett-McMyler Derrick and Conveyor. (Working on second lift or bench. 



Section 10, — Three Brown Cantilevers. (Canal finished in the foreground. ) 


Fig. 21. 
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Section 12. Mason-Uoge Car-Incline. (At work on upper bench. 
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Section 14. — Geraldine Double-Boom Self-Contained Bevolving Derricks. (Length of each boom, 150 feet. ) 




Section 14. — General View of Concrete Retaining-Wall Work, Showing Combination Stone Crushers and Concrete Mixers. (The 
machines in the foreground and background respectively are at j)ractically the same level, on opposite sides of the channel. The 
view is taken from the top of the rock spoil-bank, looking down. ) 
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it was upon tins machine that Mr. Chus. H. Locke invented the 
aerial dump (Fij^. 15), which made the use of the caljle-wa}" 
practicable on the drainage canal. Drilling, drainage-pumping 
and incline-hoisting on these three sections was done with com- 
pressed air. 

Section 14. — This section, awarded January 15, 1894, to 
Smith and Eastman, passed through what is known as “ the 
Fitzpatrick mound, wdiich neces=^itated an average cutting of 
18 feet ill the drift before the surface of the rock was reached. 
The total volume of glacial drift on this section was 379,380 
cubic yards, and there were 1,023,500 cubic yards of solid 
rock, and 22,000 cubic yards of concrete retaining-wall. 
The plant installed by Smith and Eastman for glacial drift or 
earth was the steam-shovel, locomotive and car system; and 
the rock-moving plant consisted of 4 Geraldine double-boom 
self-contained revolving derricks (Fig. 22) and 2 double-boom 
fixed or guy-derricks. The first were designed by Dion Ger- 
aldine, of Cbicago, and the guy-derricks by the American 
Hoist and Derrick Co., of St. Paul, Minn. The revolving 
derricks each had two booms 150 feet long. The two fixed 
derricks were placed on each side of the canal and directly op- 
posite each other, and were guyed together. The average out- 
put of the Geraldine derricks was about 300 to 350 cubic yards 
per day, and that of the St. Paul derricks 150 to 200 cubic 
yards per 10-hour shift. The Geraldine derricks were moved 
along the berm on wooden rollers, as the excavation advanced, 
passing over planks or heavy timbers in much the same man- 
ner as a building is moved. 

The glacial drift excavated was used in building a levee 
which extended the entire length of Sections 14 and 15 on the 
west side, and on the east over part of Section 14 and all of 
Section 15. This embankment is 30 feet wide on top and 8 
feet above Chicago datum. Section 14 has the honor of hav- 
ing the greatest solid rock-output on the canal for any one 
month. This record was made in April, 1895, when 86,200 
cubic yards were excavated. The output for the next month, 
May, wms 81,500 cubic yards. Ho satisfactory agreement for 
the building of the retaining-wall was reached between the Dis- 
trict and Smith and Eastman ; and the contract for this work w^as 
finally let to Campbell, Dennis & Co. 
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Owing to the poor quality of the rock on Sections 14 and 15, 
the retaining-wall was built of concrete masonry. The machines 
for this work are shown in Fig. 23. Each of these machines 
was a combination stone-crusher and cement-mixer, which 
crushed the stone, mixed the sand, cement, crushed stone and 
water, and delivered it to the wall east or form. The machines 
moved along the berm on tracks. Compressed air was used for 
the drilling on this section. 

Section 15. — The contract for this section was awarded to 
"Wright, Meysenburg, Sinclair and Carry, August 29, 1894. 
The "prices for the work were unusually low, being 19 cents 
for glacial drift, 59 cents for solid rock and $2.85 for rubble 
retaiuing-wall, which was raised to $3.40 per cubic yard when 
the specitieations were changed so as to require concrete wall. 
In determining upon a plant for this excavation, the contractors 
had to take into consideration the following requirements : (1) 
that no spoil could be deposited higher than 8 feet above 
datum ; (2) that the spoil could not be deposited on the lower 
1000 feet of the channel ; and (3) that no material could be de- 
posited on the south side of the channel. The plant decided 
upon was the steam-shovel, locomotive and ear system. 

The concrete retaining-wall was built in much the same 
manner as just described on Section 14, the only difterence be- 
ing that the stone-crusher was separate from the concrete-mix- 
ing machine. Drilling and pumping Avere done with com- 
pressed air. 

Controllmg-Worh . — The discharge from the drainage canal 
into the tail-race leading to the Des Plaines river will be con- 
trolled by a series of sluice gates (Fig. 24) and a bear-trap dam. 
These gates are of riveted steel and iveigh 15 tons each. There 
will be 7 gates in actual use and 8 “ blind ” gates, which are 
for use in case of some future emergency. 

I wish to make special acknowledgment to Mr. Isham Eau- 
dolph, chief engineer of the drainage canal, and also to Mr. 
William M. Christie, civil engineer, of Lemont, III, for valuable 
assistance and information, furnished to me in the preparation 
of this paper. 
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The Fullers’ Earth of South Dakota.* 

BY HEISB.ICH KIES, PH.D., Np-W YORK CITY. 

(Lake Superior Meeting, July, 1897.) 

Fullers" earth is a clay-like substance, wliicli has the prop- 
erty of decolorizing or clarifying oils. An ultimate chemical 
analysis shows it to differ from most ordinary clays in having 
usually a high percentage of combined water and a low amount 
of alumina. There is probably a large amount of hydrous 
silica present. Fullers" earth possesses little or no plasticity, 
and in order to work properly has to be ground very fine. A 
chemical analysis is of little value at present in determining its 
quality ; only a practical test suffices. 

Up to about two years ago all of the fullers" earth used in 
this country was imported from England ; but about that time 
deposits were discovered in Florida,t and since then rumors of 
its occurrence have been coming from all parts of the country. 

ISText to the Florida deposits of fullers" earth, those of South 
Dakota are the most extensive thus far discovered in this 
country. 

The earth was first discovered near Fairburn, Custer county, 
and other deposits have since been prospected at Argyle, Min- 
nekahta and other localities. 

Fairburn . — One of the first deposits located and opened up 
is five miles southeast of Fairburn, Custer county. The mine 
is a mile from the Fremont, Elkhorn and Missouri Yalley Eail- 
road, and the section exposed shows^ beginning at the top : 

Feet. 


Micaceous sandy clay, 6 

Fullers^ eartL, 9 

Micaceous sandstone, - 


The fullers’ earth passes upwards into the sandy clay, but in 
its purer portions it is a yellowish, gritty clay, with a somewhat 


* Published by permission of the Director of the IJ. S. Geol. Survey, 
t 17th Ann. Eep. U S. Geol. Sur., Part iii., page 877, 
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Hocliilar structure. The individual nodules are dense, and break 
with a eonchoidal fracture. On account of their density and 
hardness they remain intact when washed down the slope from 
the outcrop, and are therefore a guide to the prospector. 

The mine from which the above section is given belongs to 
the Mining Syndicate Company of Omaha. A few tons have 
been taken out. Before shipment, the earth is spread out to 
air-dry on a wooden platform which has been erected at the 
mine. 

A test-shaft has been sunk in fullers’ earth about two miles 
north of Fairburn. The earth here is similar to that at the 
previous mine, but is associated with a pitted limestone. There 
seems to be an abundance of the material. 

Avfjijle , — Two miles west of Argyle, in Township 6 S, B 3 
and 4 E, an opening has been made in the hill-slope disclosing 
a bed of fullers’ earth of considerable thickness. A shaft was 
first sunk to a depth of 26 feet, and from it the following sec- 
tion was obtained : 

Surface pebbles, 

Sandstone, 

Fullers’ earth, . 

Clay and earth, 

Sandstone, 

An excavation has been made about 60 feet southeast of this 
shaft, and 8 feet of fullers’ earth is shown. It also crops out 
half a mile farther north. The material is of exactly the same 
character as that near Fairburn. 

MinnekahtcL — One mile and a quarter west of the railroad 
station is a bank of Jurassic shale 40 feet thick, capped by red 
sandstone. It is a fine-grained soft shale, totally difl:erent iu 
character from the clay or fullers’ earth at Argyle and Fair- 
burn. This mine was first opened in June, 1896, and up to 
October, 1896, six to eight carloads have been shipped. If the 
earth proves to have the proper clarifying qualities, there is 
any desired quantity of it to he had. 

The Fairburn and Argyle earths have been tested with cot- 
ton-seed oil, and have given excellent results. 

Other Localities . — Since the discovery of the fullers’-carth 
beds at Fairburn, j)cople have been staking out claims all over 
the Black Hills region and south of it; but many of these 


Feet. 
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18 
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will probably turn out to be nothing more than common clay. 
Among these minor localities may be mentioned the points nine 
miles west of Custer City, two miles south of Buftalo Gap, 
eight miles west of Edgemont. These are mostly prospects. 
Up to October, 1896, no earth had been shipped from them. 

Analyses , — The following analyses, compiled from various 
sources, serve to show the usual composition of the South Da- 
kota fullers’ earths : 


1 , 

Silica. . . . 6S.23 

Alumina, . . 14.93 

Ferrous oxide, , 3.15 
Lime, . . .2.93 

Magnesia, . . 0.875 

Loss on ignition, . 6.20 

96.31 


2 . 3 . 

60.16 56.18 

10.38 23.23 

14.868 1.26Fe203 

4.96 5.88 

1.714 3.29 

7.20 11.45 H 2 O 


99.282 101.29 Yol 


4 . 

5 . 

6 . 

55.45 

57.00 

58.72 

18.58 

17.368 

16.90 

3.82 

2.632 

4.00 

3.40 

3.00 

4.06 

3.50 

3.027 

2.56 

8.80 

9.50 

8.10 

5.35 

5.85 

Aik. 2.11 


98.90 98.377 Moist. 2 30 


98.75 

1. From William Bodenner’s pit, north of Fairburn. 

2 and 3. From M. Palmiter, Fairburn. 

4 and 5. From D. Henault, Custer City. 

Analyses 1 to 5 were made by Prof. Flinterman, of the South 
Dakota School of Mines, at Bapid City, and kindly furnished 
by Prof. F. C. Smith. 

6. From southeast of Fairburn. E. J. Biederer, analyst. 

The South Dakota fullers’ earth has thus far been used 
chiefly in Omaha, and also somewhat in Chicago. Samples 
from Fairburn, which were tested, bleached fully as well as the 
English earth. 

With the further development of these deposits there is mo 
reason why the South Dakota fullers’ earth, provided it is all 
of proper quality, should not supply many lard and oil factories 
in the West. There are lard companies in Denver, for example, 
which are now using the English earth. There are also petro- 
leum refineries in which the Dakota material might be intro- 
duced. 

A plant for pulverizing the earth has been erected at Hot 
Springs, and thus located it can receive the crude material from 
either the Fremont, Elkhorn and Missouri Valley, or the Bur-- 
lington and Missouri B. B. 
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The Clays and Clay-Working Industry of Colorado.^'" 

BY HEINRICH RIES, RH.D., NEW YORK CITY. 

(Lake Superior Meeting, July, 1S97 ) 

The clay-resources of Colorado are but little known, for the 
reason that little has been published concerning them, and also 
on account of the hitherto small demand for clay products in 
the Rocky Alountain region. 

At the present day the wares manufactured from clay which 
are used in Colorado include common and pressed brick, terra- 
cotta, sewer-pipe, pottery and refractory articles. Most of these 
are brought from a considerable distance ; but with an increas- 
ing demand for such goods in the West and abetter knowledge 
of the available materials, there should he considerable expan- 
sion in the clay-working industry of Colorado in the future. 

The notes here presented are an abstract of those collected 
by the writer in October, 1896, in a reconnaissance of the 
clay-hearing formations of Colorado. 

Clay-bearing Formations, 

We may roughly divide the clay-bearing formations of Colo- 
rado into three groups : 

1. Loess and alluvial deposits. 

2. Jura-Trias and Cretaceous clays, 

3. Tertiaiy clays. 

The loess forms an extensive deposit of large area, though 
not very thick, extending from north to south across the State, 
and eastward from the foot-hills. It is generally a very sandy 
clay, with little plasticity, and is underlain by a gravelly stratum, 
which determines the workable depth. Clay similar to the 
loess is found underlying the river terraces in many of the 
broader valleys, such as those of the Arkansas, Grand River, etc. 

The Mesozoic formations extend along the eastern edge of 
the Rocky Mountains, and also occur in some of the deeper 
Amlleys tributary to the foot-hill belt. They consist of a great 
series of interhedded shales, sandstones and limestones of Jura- 


Published by permission of the Director of the TJ. S. Geol. Survey. 
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Trias and Cretaceous age, the beds being tilted at a high angle. 
The Jura-Trias shales have not been utilized. The Cretaceous 
beds which overlie them consist of the following divisions C 

1. The Dakota shales and sandstones. 

2. The Benton shales and limestones. 

3. The Xiobrara limestones. 

4 The Pierre shales. 

5. The Fox Hill shales. 

The yellowish gray Dakota sandstones are usually inter- 
bedded with shales and clays, which are often highly refractory 
in their character. The shales are frequently arenaceous, and 
both the clays and shales sometimes contain enough vegetable 
matter to color them brown or black. The Benton group car- 
ries great quantities of shale and a central limestone member. 
The upper, or Carlile, shale is of importance to brick manufac- 
turers. The Pierre and Fox Hills group both carry shales, but 
they are not utilized. 

The Tertiary clays or Denver beds carry great deposits of 
clay, and are developed east of Golden and Boulder. 

Brick-Clays. 

All of the common brick manufactured in Colorado are made 
either from the loess or from the river-clays in the valleys. The 
clays are usually lean, coarse-grained and gritty, and possess 
little plasticity. 

A sample of loess from one of the Denver brick-yards was 
examined physically with the following results : 

The clay was porous, and easily broken. When mixed with 
water, 14.5 per cent, was required to give a workable paste ; 
that is, one of the proper consistency to permit moulding. The 
percentage of water thus absorbed is low, as is often the case 
with lean clays. Bricklets moulded from this paste shrunk^-b 
per cent, in drying and an additional 3 per cent, in burning. 
Briquettes (of the same shape as those made in testing cement) 
made from this clay had, when air-dried^ an average tensile 
strength of 55 pounds per square inch and a maximum tensile 
strength of 66 pounds per square inch, which is also low, ow- 
ing to the lean nature of the clay. At a temperature of 2000° 

* G. K. Gilbert, ‘^Tlie Underground Water of the Arkansas Valley in Eastern 
Colorado.” — U. S. GeoL Survey 17th Ann. Beportj Part ii., p. 561. 
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F. the clay showed incipient fusion; at 2100° F. itvitrifiecl and 
became practically non-ahsorhent, and at 2200° it fused com- 
pletely. At 2000° F. it burned red; but above that tempera- 
ture the color dee 2 >ened rajaidly. 

When under-burned, the brick is jjorous and weak, and very 
similar to the j)rodact seen at many of the smaller yards. 

The loess brick-clays are most extensively worked around 
Denver, while other less important localities are Colorado 
Springs, Pueblo, Trinidad, Boulder, Loveland, Greeley , etc. The 
river-terrace clays are worked at Glenwood Springs, Florence, 
Aspen, Grand Junction, etc. In the case of these latter the less 
sandy clays are more apt to be found back from the river. 

Fressed-Brick Clays. 

The Cretaceous and Tertiary formations of Colorado contain 
an abundance of clay suitable for the manufacture of pressed 
brick. Three localities will be mentioned as representing dif- 
ferent formations. 

The first is at Golden, where a red, decomposed shale is used 
by the Golden Pressed and Fire-Brick Company. This shale 
mellows to a fine-grained, gritty clay of moderate p»lasticitjL 

The sam 2 )le tested required the addition of 22 cent, of 
water to make a workable paste, that shrunk 8 per cent, in dry- 
ing and 4 per cent, in burning. The average tensile strength 
of the air-dried briquettes was 55 pounds per square inch, with 
a maximum of 67 joounds. 

Incipient fusion occurs at 1850° F., vitrification at 1950° F. 
and viscosity at 2050° — 2100° F. The clay burns to a bright 
red, and makes a good dry-pressed brick. 

At Boulder a brownish gray, hard, gritty shale occurs in 
abundance, and also gives good results with the dry-press 
process. 

The third locality is at La Junta, where the Carlile shale is 
utilized for dry-pressed brick. This shale not only makes a 
good brick, but on account of its softness is easi’y prepared. 
Its ufide-spread occurrence in the "West may ^orove of imj)ort- 
ance in the future. 

A sam 2 )le of this shale gave, on the addition of 30 per cent, 
of water, a workable paste of high plasticity, which shrunk 13 
per cent, in drying and 2 j)er cent, in burning. The air-dried 
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briquettes bad an average tensile strengtli of 145 pounds per 
square incli and a maximum of 156 pounds. Incipient fusion 
occurred at 1800° F., vitrification at 1950° F. and viscosity at 
2100° F. The shrinkage in drying is large, and the clay has 
to be dried slowly to prevent cracking ; but with the dry-press 
process the air-shrinkage is of little importance. 

Fire-Clays and Pottery-Clays. 

These two grades of clay occur in close association, and in- 
terbedded with the Dakota sandstones, in the hog-backs ex- 
tending along the eastern edge of the mountains. The fire-clay 
is generally represented by a dark gray or black fine-grained, 
shaly clay, which is extensively mined at Golden, and has also 
been worked at Parkdale and still more recently at Delhi. The 
fire-clay bed at Golden is 12 to 18 feet thick, and often faulted. 
About one-half of the stratum has to be rejected, as it contains 
too much iron, but the other half makes excellent fire-brick 
and smaller refractory articles for assayers’ use. 

The Parkdale fire-clay beds are on the average 4 feet thick, 
and more siliceous than those at Golden. 

The pottery-clays, which are abundantly exposed south of 
Golden, are either sandy clays with little plasticity, -which may 
at times grade into the associated sandstones, or else they are 
plastic clays, frequently charged with organic matter. A sam- 
ple of the latter class which was tested showed it to be a fine- 
grained, gritty clay, requiring the addition of 31 per cent, of 
water to give a workable paste, which shrunk 12 per cent, in 
drying and 4 per cent.* in burning. The tensile strength of the 
air-dried briquettes ranged from 160 to 164 pounds per square 
inch. Incipient fusion occurred at 2100° F., vitrification at 
2250° P. and viscosity at 2400° F. 

The best results are generally obtained by using a mixture 
of the plastic and sandy clays. 

Clay-Products, 

Common brick are manufactured in small quantities at many 
localities in the State. In many cases proper moulding and 
burning would render the product much stronger than it usually 
is. Pressed brick are only made at La Junta, Golden, Boulder 
and Denver. Terra cotta is not manufactured in Colorado, but 
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doubtless nianv of tlie tertiary clays -VYOuld be found well adapted 
for this purpose. 

Paviuif-brick have only reached the experimental stage, and 
their manufacture should be developed more. They are made 
from a mixture of fire-clay and tertiary clays. 

There are three stone-ware potteries in Denver, but no 'white- 
ware is made, and it is doubtful if a white-ware pottery could 
be a financial success, as all of the raw materials would, from 
present indications, have to be brought a long distance. 

For the manufacture of sewer-pipe the Laramie clays furnish 
an abundance of material, and there is one large pipe-works 
located at Denver. 

The manufacture of refractory wares, such as fire-brick, loco- 
motive blocks, muflies, scorifiers and crucibles has naturally 
been one of the important lines of the clay-working industry in 
the TVest, and the goods there made bear an excellent reputa- 
tion. Four firms produce fire-bricks, and the smaller assayers’ 
goods are made by two companies, one at Denver, the other at 
Pueblo. 

The following table of analyses, taken from Part lY. of the 
16th Annual Report of the D. S. Geological Survey (pp. 554- 
665), will serve to show the composition of several of the better 
grades of Colorado clays : 



1. 

2. 

a 

4. 

5. 

6. 

Moisture, . . 

47 

1.35 




3.75 

Silica, .... 

40.61 

63.22 

46.88 

71.81 

56.41 

61.00 

Alumina, . . 

37.21) 

24.72 

35.42 

15.09 

26.37 

35.00 

Ferric oxide, . 

0.15 

0,43 

1.74a 

1.75a 

. 

0.25 

Lime, .... 

0.44 

0.30 

0.44 

0.14 

0.29 

— 

Magnesia, . . 

0.25 

0.13 

0.20 

0.05 

0.20 

— 

Alkalies, . . . 

1.23 

trace 

1.10 

1.02 

1.55 

— 

Water, . . . 

13.65 

8.63 

14. 106 

10.146 

14.666 


Org. matter, . . 


.40 





Titanic acid, 


.68 





100.00 99.87 99.89 

Total fluxes, . . 2.07 0.86 3.57 

Edgemont, Jefferson Co. M. Moss, analyst. 

ILO.OO 

2.96 

99.48 

2.04 

100.00 


2. Pueblo, Pueblo Co. 

3. Golden, Jefferson Co. 

4. Crucible clay, Denver Fire-Brick Co., Golden, Jefferson Co. 

5. Kaolin, Golden, Jefferson Co. 

6. Standard Fire-Brick Co., Pueblo, Pueblo Co. 
ct. Determined as ferrous oxide. 

This includes moisture. 
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The Development of Lake Superior Iron-Ores. 

BY D, H. BACOX, SOUBAX, MIXX. 

(Lake Superior Meeting, July, 1897.) 


Kearlt all men are too busy with their ovm affairs to keep 
informed of the i^rogress in other lines. From time to time we 
read statistics showing the deyelopment in some industry that 
astonish ns ; but the feeling of surprise soon fades, to be fol- 
lowed by others that likewise pass away. A short resume of 
what has been done in one line may be of interest. 

Down to late in the fifties the ore-product of Lake Superior 
was handled over a mule-tram-road to Marquette ; now the 
Duluth, South Shore and Atlantic, the Chicago and ISTorth- 
western, the "Wisconsin Central, the Duluth, Superior and 
Western, the Duluth, Mesabi and Iforthern, the Duluth and 
Iron Range and the Lake Superior and Ishpeming railroads 
serve the shippers. Down to nearly 1870 a 700-ton ship was 
an enormous craft, the loading of which required tivo days ; 
the unloading being seldom accomplished in that time. In 1871 
the largest ore-barge carried 1050 tons and made twelve trips 
per season. How the cargoes reach 5000 tons, the loading re- 
quiring less than three hours, and the unloading ten hours. 
How the mines cover more land than was familiar to even the 

timber-cruiser ’’ when the Jackson mine was opened. The 
annual shipments have grown from a few thousand to 10,000,- 
000 tons, and the ability of the mines to produce is not taxed. 
Lake-freights are at one-eighth, and rail-freights at one-quarter, 
of early prices. 

The deeper waterways, commodious locks and large ships of 
to-day are in a greater measure due to the movement of ore 
than to any other cause. Great savings* have been made in 
each detail of each department. The only item of cost that 
has not been lessened, I am glad to say, is the money paid 
to men. Wages, measured by what they will buy, are as high 
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now as at any time past, unless it was a time of feverish ac- 
tivity. 

As illustrating the cheapening that has l‘>een efi'ectecl, ore is 
to-day sold at Lake Erie ports for one dollar jier ton less than 
in early times it actually cost to mine it; and this is done with- 
out loss, and further economies may be expected. L ouug men 
remember sales of ore in Pittsburgh at §18 per ton, or about 
the present price of rails. 

The first mines were opened in Marquette county and pro- 
duced what is commonly known as “ hard ore.” Previous to 
1873, “ soft ore,” or hematite, was not popular, but the buyer 
was often obliged to take some, in order to secure the needed 
quantity of hard ore. In those good old days, the ore-buyers 
came to the sellers as penitents approach a shrine, but I am 
told that custom in this respect has changed somewhat of late. 

Beginning with a few grades, the Lake Superior mines now 
ofier ores ranging from the purest and best to those that will 
not bear transportation : and within these limits can be found 
the varieties needed for general and special products, in quan- 
tity equal to any demand. 

The men who were early in charge of the mines had some 
knowledge of mining and quarrying. Many of their methods 
are now out of date; but experience, daily observation and 
study, technical schools and the mechanical ability common 
among Americans, have enabled those in charge to meet all 
difficulties and carry the industry to a degree of perfection that 
is complimented by visitors from abroad. 

In the discovery of new fields, the miner of iron-ore, like the 
miner of more precious metals, has led the Avay ; the explana- 
tion of the geology being left to the student. 

As viewed from this distance, the early methods of mining 
were very crude. Horses furnished the power; and they 
were worked in all possible places. The little machinery 
then in use was poor and often but ill-adapted to the work. 
The first hoisting-plant of large size, economical design and 
capacity equal to future demands was set up at the Lake 
Superior mine in 1880. How single, compound, triple and 
condensing-eugines of large power are found throughout the 
iron-ranges for hoisting, pumping and compressing. The 
striking-hammer has been supplanted by the power-drill, and 
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electric motors and rope-haulage are common above and below 
ground. ITnderhand, back- and breast-stoping, square-sets, 
caving-sets, saddle-l)acks and milling and filling are common. 
Steam-shovels and locomotives have taken the place of hand- 
shovels and carts. Every known system has been or is in use. 
Many mines have presented difiieulties that, in the early days, 
would have been considered insurmountable; but each has been 
overcome. To one closely identified with this industry for 
nearly thirty years, no single change has seemed important, 
and only by looking backward can one measure the advance. 
The early operators had little knowledge of ore-deposits, their 
position in relation to associated rocks, their dip, p)itch, strike, 
depth and many other facts, an understanding of which is nec- 
essary to continued success. This knowledge has been acquired; 
and with it have come right courage, true economy instead of 
parsimony, the general development of ore-supplies far beyond 
immediate needs, and a thoughtful preparation for the future. 

N'itroglycerine and power-drills have done more to reduce 
cost than any other two improvements. In 1871 a drift was 
driven at the Cleveland mine at a cost of $100 per foot. ISTow 
the cost would not exceed $16. In one ease men were har- 
nessed to a derrick-sweej). Heavy rains were nearly always 
followed by a few days of idleness and the pumps were expected 
to freeze every cold night. 

In speaking of mining methods, I have mentioned the “ caving- 
system,” which several claim to haye invented or introduced. 
The first ore taken out by this method was mined at the Cleve- 
land hematite mine in 1883. The ore was very soft, -with 
treacherous walls; and Mr. Gr. W. Wallace, the superintendent, 
tried what some of his men said was successful under like con- 
ditions in England. It proved satisfactory, and is now known 
as the caving-system.” Mr. John Pengilly was sent to the 
Cleveland hematite mine to learn the method, so that he might 
use it at the Broth ertoii mine. 

While to the miner the quantity and quality, and not the 
origin, of the ore have been important, he has still acquired a 
thorough knowledge of local geology. 

A look at the past may tickle our vanity, but our interests 
are in the future. Can we maintain the present output ? Can 
we increase it ? For how many years can buyers depend upon 
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Lake Superior for their supply ? The discovery and quick de- 
velopment of the Mesabi profoundly afiected the iron and steel 
industry of this country; and the effect may extend beyond our 
shores. The opening of the Mesabi does not mean idleness on 
other ranges, but does mean for them greater economies and 
smaller profits. The new range competes with itself as well as 
with Others. But each era of depression brings a reward in the 
better methods which are forced upon us, and which, continued 
into days of prosperity, increase the volume of business and to 
that extent the profits. With the low prices that are here to 
remain, it is more than ever difficult to estimate the annual 
consumption. Speaking of the several ranges as one, the 
acreage of known ore is but a small part of the area that may 
contain ore. Discoveries are still being made in the Marquette 
district, the exhaustion of which was expected twenty years ago. 
And I may say, in passing, that the known ore under the bed 
of Lake Angeline is four times as great as was all the known 
ore in all of the mines of that county at any time prior to 1887. 
The past few years have not been such as encourage prospect- 
ing; but given favorable conditions, we may confidently de- 
pend upon important discoveries. For forty years this region 
has met all demands ; its resources are to-day, as comp)ared 
with demand, greater than at any time past; and I believe 
that those who are now active will have stepped aside and will 
perhaps have been forgotten before this region will fail as an 
adequate source of supply. 


Methods of Iron Mining in Northern Minnesota. 

BY PROE. P. W. BENTON, SCHOOL OP MINES, UNIVERSITY OP MINNESOTA, 
MINNEAPOLIS, MINN. 

(Chicago Meeting, February, 1897 ) 

Much has been written about the possibilities of the Vermilion 
and Mesabi ranges of northern Minnesota as producers of largo 
quantities of high-grade iron-ore. The Mesabi range in par- 
ticular has attracted considerable attention on account of the 
proximity of the ore-deposits to the surface, which has been as- 
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snmed by many to insure easy and cheap mining. It is thought, 
theretore, that a description of the methods of mining actually 
employed may be of interest to members of the Institute. 

LOCATION OP THE MINES, 

The accompanying map, Fig. 1, taken from Vol. III. of the 
Proceedings of the Lake Superior Mining Institute, shows the 
positions of the two ranges and the railroads. The two ranges 
are separated by a line of granite hills running approximately 
east and west. The geology of neither range is very well un- 
derstood. A description of the rocks and ore-bodies occurring 
around Soudan has been previously published in our Transac- 
tions.'^ The deposits on the Mesabi have also been described.f 

The majority of the mines are controlled by the Minnesota 
Iron Co. and the Lake Superior Consolidated Mines. The 
Minnesota Iron Co. controls the Duluth and Iron Range rail- 
road, which carries its ore to Two Harbors on Lake Superior, 
where it is shipped to the lower lake-ports in steamers owned by 
the company. The railroad-shops and the chemical laboratory 
are also at Two Harbors, -which is practically a company-town. 
The Lake Superior Consolidated Mines controls the Duluth, 
Missabe and Northern railroad, and ships its ore from Duluth 
in its own steamers. 

MINES ox THE VERMILION RANGE. 

The Minnesota Mine . — At Soudan, the western terminus of 
the developed portion of the Vermilion range, is the Minnesota 
mine of the Minnesota Iron Co. From this mine 448,707 tons 
were produced in 1896; the greater part of which, however, 
was not Bessemer ore. The ore occurs in lenses, dipping north 
about 70"^ and varying in thickness from a few feet to over one 
hundred. The ore itself is extremely hard and strong, while 
the green schist soap-rock’^) walls are soft and weak. The 
method of mining, which may be called longitudinal overhand 
stoping with filling, has been very thoroughly described by 
Mr. D. H. Bacon, I and I will only supplement his paper. 

* ^^The Geological Structure of tlie Western Part of the Vermilion Range, 
Minn.,” by Messrs. Smyth and Finlay, Tram , xxv., 595. 
t ‘‘The Mesabi Iron Range,’' by H, V. Winchell, Trans,, xxi., 644. 
t ‘ ‘ System of Filling at the Mines of the Minnesota Iron Co., ” Trans . , xxi. , 299. 
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Figs. 2 and 3 are imdergronnd views from this mine. Fig. 
2, taken on top of the shows a chute tapping a raise in 

the foot-wall from which rock is obtained for filling. As the 
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timbers ; or else the rock-raise is replaced by a timber chute 
carried up with the fill, either of which arrangemeuts will carry 
the rock-raise through the fill to the level below, where it may 
be used in mining a lower block of ore. 

The car used for distributing the fill is also shown. The box 
of the car can be swung in a horizontal plane so as to dump 
either to the right or left side of the track as well as over the 
end, which permits of making a wide fill for each position of 
the track. 

The diamond-drill, shown in Fig. 2, is used for drilling holes 
in baek-stoping. A Sullivan E drill, run by compressed 
air, is used. The drill is mounted on cribbing and braced as 
shown. The holes vary in depth from 20 to 33 feet with an 
average of about 25 feet. About 12 feet are drilled in 10 
hours. The holes are first shaken by filling them with chma- 
mite and firing. In a stope 40 feet wide, 2 holes, 24 to 30 ft. 
deep, would be put in, one pointing a little to the hanging-wall 
and the other a little to the foot-wall, and charged with 30 to 
50 pounds of 50-j)er-cent. dynamite. These holes would dis- 
lodge between 500 and 1,000 tons of ore. 

The cost of the drilling alone exceeds the cost of drilling 
with machine percussion-drills ; but the product per foot of hole 
is much greater with the diamond-drills, making the cost per 
ton less. 

Fig. 3 shows the main-level timber being put in, preparatory" 
to making the first fill, and needs no special explanation. The 
chutes are now carried closer than formerly, being placed about 
30 feet apart, which lessens the labor of getting the ore into the 
chutes. By experience it has been found that 100 feet vertical 
is the economical limit for carrying up timber chutes, as the 
cost of repairing and replacing timbers that are cut out by the 
falling ore, and the delays due to the chutes becoming clogged, 
are more expensive than to put in another main level, and a 
new series of chutes. 

The floor-pillars of ore, which have to be left under the old 
fill above any given stope, are mined by attacking them from 
drifts in the foot-wall, run at the same level as the top of the old 
fill under the pillar to be mined. From these foot- wall drifts, 
cross-cuts are put into the ore-pillar on a level with the top of 
VOL. xxvn.— 24 
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tile old fill ; and the ore which has caved on the fill (or if not, 
it is made to cave) is taken out with drift-sets. 

I know of 110 deposit which is so ivell adapted by nature to 
the system of mining employed as that at Soudan, and no place 
where every natural advantage is utilized more effectively. 

Since the lenses of ore pitch to the west, the bottom levels 
(the 9th to the 12th) are practically all west of the shafts, ne- 
cessitating a tram of 500 to 1,000 feet. The conditions did not 
warrant the sinking of a new shaft ; so mules were introduced 
to lessen the cost of tramming, and they have proved very sat- 
isfactory. 

The pumping-plant of No 8 (the deepest) shaft, is of a type 
not used bv any’ other company’ in the Lake Superioi region, 
and not in general use elsewhere, to my know’leclge. 

Pig, 4 shows as much of the pump as could be included in 
one liew. There are two of these pumps set up alongside each 
other but not connected ; one being practically a spare pump, as 
the amount of water is seldom more than one pump can handle. 

The same kind of pump is used at the other mines of the 
Minnesota Co., and data for all of them are included iii the fol- 
lowing table : 



Soudan 

jiubum 

Faya! 


mines. 

iniiies 

iiunes. 

Diam. of steam cylinders, 

. 12 in. 

12 in. 

11 in. 

Diam. of plungers, 

. 4 in. 

6]' in. 

5 in. 

Length of stroke, . 

. 24 in. 

24 in. 

16 in. 

Diam. of fly-wheels, 

. 8 ft. 

8 ft. 

4 ft. 

Weight of fly-wheels, 

. 4 tons. 

4 tons. 

1900 lbs. 

Steam-pressure at pumps, 

. 90 lbs. 

95 lbs. 

90 lbs. 

Diam. of column-pipes, 

. 8 in. 

Sin. 

6 in. 

Vertical lift, . 

. 817 ft. 

about 150 ft. 

about 150 ft. 


Each pump is supplied with a Meyer’s cut-off which may he 
adjusted by means of the hand-wheel shown in the view. 
Throttling-governors are also attached to the pumps to prevent 
the engines running away, should the load be suddenly taken 
otf—as happened once when the column-pipe was emptied by 
the breaking of a valve-cover on another pump wdiich was con- 
nected temporarily. The governors are set for 90 revolutions 
per minute. The cut-off varies with the speed, and is designed 
to be at one-fifth stroke, with a piston speed of 100 ft. per 
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minute. The speed at which the inimps can be niii varies with 
the lift. Xo air-ehanibers were used at first; but very recently 
air-chambers, made of 6-ineh extra-heavy pipe, have Ijeeii placed 
over the discharge-valves. By means of a check-valve and shift- 



Fig. 5.— Device for Supplying Air to Air-Chambers. 


ing air-inlet valve, connected by pipes to the air-cbambers and 
suction-valve chambers, the air-chambers may be kept supplied 
with a constant volume of air, which otherwise would be con- 
tinually carried off by the water under pressure. 
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Fig. 5 shows the arrangements of the air-chambers and pip- 
ing, the operation of which is as follows : 'While the water-cyl- 
inder is tilling, the column of water in the pipe, a, is drawn 
downwards by suction, the amount drawn oft depending upon 
the amount of air admitted by the shifting-valve ; on the return- 
stroke of the plunger of the pump, the water in the pipe, a, 
rises and forces air throngli the check-valve into the air-cham- 
ber. The quantity of air is regulated by the shifting-val\ e, 
enough being admitted to keep the proper amount of air in the 
air-chamber, as shown by the water-glass. These air-chambers 
have permitted an increase in the plunger-speed from 100 feet 
per minute to S60 feet, without perceptible water-hammer. 
Without the air-chambers water-hammering began at 100 feet 
plunger-speed. 

The water-ends of the pump are of the Prescott type. 

The foot of the colanm-pipe is supplied with gate- and elieck- 
Talves as shown. Indicator diagrams, taken from the steam- 
cylinders, are very satisfactory. No aeenrate dnty-test has 
yet been made upon these pumps; so the duty is not known. 
Should the water increase sufficiently, the two pumps could he 
coupled together, in which case the air-chambers could he 
xlisiDeiised with and the eftieieuey of the j^lant would probably 
he increased. 

As at other hard-ore mines, plants for crushing the ore to 
sizes suited for furnace-use have recently been established at 
Soudan. There are two crusher-plants, of identical size and 
arrangements. 

Data Concerning Crushers, 

Each plant contains three 28 by 30 in. crushers of the Blake 
pattern. 


Throw of eccentric 2 in. 

Movement of bottom of jaw, in. 

W’^eight. of pitman, 5 tons. 

Weight of jaw, 7 tons. 

Weight of crusher, . . . . . . • 6) to 70 cons. 

Speed of crusher, . 85 rev. per ni. 


Each plant is driven by a Reynolds-Corliss engine and rope- 
drive as follows : 
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Cylinder, 

Speed, 

Initial steam-pressure, 

Diam. of fly-wheel, . 

Weight of fly-wheel, 

Distance between centers of engine-i 
shaft for rope-drive, 

Diara. of man ilia ropes, 

I^umber of ropes, 

Xumber usually in use, 


. 14 in. diam by 36 in. stroke. 

. . . . 90 rev. per m. 

. 95 lbs. 

. 10 ft. 

. . . . 8 and 10 tons, 

haft and counter- 

. 75 ft. 

. 11 in. 

. 6 
. 4 


Tlie features of these crushers of special interest are the 
lining-plates, the size, and the extremely hard work they have 
to do. The Calumet and Heela copper mine has crushers of 
larger size (24 by 36 in.); but the ore at Soudan is much 
harder to crush. At first, trouble was experienced from the 
stalling of the crushers; but the power of the crusher was 
made a maximum by fiattening the angle between the toggles 
as much as possible, and increasing the throw of the eccentric 
to get the necessary movement of the jaw. The lining-plates 
also broke; and even when they did not break, the lower parts 
would be worn out when the upper portions were still service- 
able. Mr. H. J. Wessinger, the master-mechanic, finally designed 
and adopted the style of plates now in use. 

The side-liners consist of three pieces of manganese-steel, 
riveted to a tank-steel back. The jaw and head-plates consist 
of four pieces, held together by iron links, of 1| in. square 
section, shrunk on. As the bottom-ifiate is used up, those 
above it are moved down, and a new piece is attached to the 
top, where it will fit, as there is no appreciable wear at the top. 
In this way the metal in the plates is entirely used up. 

All kinds of hard metal have been tried for the wearing- 
faces of linings : chilled iron, tank-steel, armor-plate (not Har- 
veyized), cast-steel and manganese-steel. An experimental 
manganese-steel plate is now being tried, in which the face of 
the plate has large horizontal corrugations. The manganese- 
steel is liked as wearing well ; but as it cannot be touched with 
a tool it is diflicult to make the blocks fit. 

In a communication to the Lake Superior Mining Institute* 
the cost of crushing is given as follows : 


* Proceedings of the Lahe Superior Mining Institute, vol. iii., 1896. 
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“During three months ending January 1st last (1891), 110,477 tons of ore 
passed through the crushers, costing for supplies 85,025, or 4 54 cents per ton, 
and, grouping the other accounts, $^^,718 .47, or 3 36 cents per ton; total, 
{j'S,743.47, or 7.9 cents per ton. We have no means of determining what percent- 
age of the ore needs to be crushed, but assuming it to be 60 per cent., the cost 
was 13.19 cents per ton.” 


Tlie ore, as it is dumjied from tlie cars, runs over grizzlies 
directly into tlie opening of the crushers ; so there is no inter- 
mediate crnsher-fioor, with the extra handling which such a 
floor entails. ‘When iiossible, the cars are carried from the 
shafts to the crushers by self-acting inclines, each car being 
pushed by a bull-dog,” which runs on one of the main rails 
and a special third rail laid between the main rails. AVhen 
the bottom of the incline is reached, the bnll-dog runs into a 
depression in the middle of the track, and the car is carried by 
its impetus on to the crushers.* 

The Chandler Mine , — This mine, located at the eastern end 
of the developed portion of the Yermilion range, is famous 
for the high and uniform quality of its ore. Last year it 
shipped 471,545 tons, of which about 87 per cent, was of 
Chandler ” grade, containing 65.65 per cent, of iron and 
0.048 per cent, of phosphorus (less than the Bessemer limit), 
wdiile the remaining 13 per cent., of Long Lake ” grade, 
contained 60.64 per cent, of iron, and was also Bessemer ore. 

The deposit is supposed to have been originally massive 
hematite, which was subsequently broken up by natural forces, 
such as folding. This view is supported by the form of the 
ore-body, and by the fact that the individual pieces of the ore 
are very hard hematite. There is a peculiar layer of altered 
schist, about thirty feet thick, between the ore and the 
unaltered green schist. This layer is locally termed paint- 
rock.” 

Fig. 6 shows the extent of the ore-body at the eighth level, 
and Fig. 7 is a vertical section. It will be seen that the ore 
lies in a fold or basin, dipping slightly to the north, and is 
covered by a jasper capping. The basin pitches to the east at 
a small angle. At Soudan, the pitch is to the west. 


* This arrangement, being substantially the same as that described in the paper 
of Mr. Axel Salilin, on “The Handling of Material at the Blast-Fuinace,” need 
not be further described. See pages 14 and 29 of the present volume. 
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rig. 6 slioAvs tlie positions of the shafts that are now used. 
Shaft Xo. 1 is located at the western extremity of the deposit, 
where the ore was first discovered and opened up, hut the 
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Tig. 6.— Outline of the Chandler Ore-body at the Eighth Level. 


shaft has been worked out. The bulk of the ore now comes 
from below the sixth level. As is indicated in Fig. 7, there 
has been considerable trouble in the past from the wrecking of 
the tops of the shafts, due to the cave extending further than 
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anticipated — a difficultj experienced by eyery mine on Lake 
Superior that has employed caring methods. Shafts iSTos. 2 
and 3 were originally rerticalj but were subsequently inclined, 
to follow the dip of the walls. When the tops of these shafts 
were lost by their sliding into the pit, they were recovered by 
sinking inclined shafts further back to meet the uninjured por- 
tions of the original shafts. Shaft Xo. 4 is vertical all the 
way; but by reason of the turn which the ore took to the 
north, a large block of ore has to be left as a pillar. To get 
at the ore thus locked up, and to replace Xo. 4, which must 
soon be lost, iSTo. 5 was sunk, and will eventually become the 
main hoisting-shaft. 

Fig. 8 shows shaft I^'o. 3 and the edge of the cave. The 
same style of head-frame and pocket is used for all the inclined 
shafts. ’It is an excellent design. 

The method of mining employed is known as the sub-drifting 
method. Fig. 9 is a vertical section through shafts Nos, 4 and 
5, and shows the way the ore has been blocked out. Down to 
the eighth level the method of mining is as follows: Main 
levels are driven 75 feet apart and generally there are two 
main drifts at the bottom of each block, running appi'oximately 
parallel on oiiposite sides of the block of ore. From these 
main drifts raises are put up at intervals of about 50 feet, and 
from these raises four series of sub-drifts are run. The sets 
in the main drifts are made of 9-tt. caps and T-ft. legs, and 
those in the subs of 6-ft. caps and 6-ft. legs. This leaves 
about 8 feet of ore between the sub-levels. The sets are placed 
3 to 4 ft. apart. As the raises are put up, sets are placed to 
start the first sub-drifts ; but these drifts are not run at once, 
but are omitted to strengthen the main drifts until the 4th, 3d 
and 2d subs have been worked out. When the sub-drifts are 
completed, the block of ore between any two levels is honey- 
combed with drifts with vertical intervals of eight feet of ore. 
AVhen mining above has been completed, the removal of the 
ore-pillars on the top subs begins. The pillars are sliced away, 
the back is caved, and the caved ore is removed in wheelbar- 
rows to the chutes leading to the main level below. The 
chutes are 4 feet square and lined with 2-inch plank placed on 
edge. When the sand or overlying timber appears, a new slice 
is taken off the pillar and the back of ore is caved as before, 
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'Until finally all of tlie sub-drifts have been worked out, when 
the operation of caving is continued in the block below, which, 
in the meantime, will have been honey-combed by the first or 
preparatory sub-drifts. 


No 5 Shaft 



Below the eighth level the method of mining has been 
modified. What are called intermediate main drifts are driven 
through the ore at intervals of 20 feet instead of 75 feet, and 
no sub-drifts are used. The intermediate main drifts are of 
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tlie regular size, 9-ft. caps and 7-ft. legs, wliieh leaves about 10 
feet ot ore to be caved, instead of 7 to 8 as before. Stations 
are made at the shaft for each intermediate main level. Under 
this modified system, the removal of each 20-ft. block will be 
done as before, but the putting up of raises will be saved ; and 
it is intended to use cars, and thus do away with wheelbarrows 
as far as possible. 

Fig. 10 shows a main drift which has begun to cave under 
the weight caused by the wrecking of the sub-drifts just 
above. 

Owing to the presence of sand and broken paint-rock ’’ in 
the caved ground above, the ore obtained by the caving-process 
is more or less mixed with these impurities, and the percentage 
of iron in it is lowered from 64 per cent, to 60 per cent. This 
ore, however, is obtained very cheaply; and it is claimed that 
this compensates for the injury to its quality. Although 
broken up, the ore in its undisturbed state is really quite hard. 
In driving main drifts, machine-drills have to be employed 
frequently. 

Top-lagging is used in the sub- and main drifts, and side- 
lagging where necessary, but no attempt is made to lag the 
bottom of the sub-drifts before caving the back. 

The Pioneer Mine , — This mine is on what is thought to be 
the continuation of the Chandler deposit ; and, as the pitch is 
east, the Pioneer has to do all the pumping for both mines, 
since the water from the Chandler percolates through the 
intervening ground. 

Mines on the Mesabi Eange. 

On the Mesabi range are found occurrences of ore which, at 
the time of their discovery, were entirely new to the Lake 
Superior region. The deposits are beds of great area and 
relatively small depth, dipping to the south at low angles, and 
covered with glacial drift, varying in thickness, in the developed 
mines, from 2 or 3 to 100 ft. One of the largest of these 
deposits, the Biwabik, has been described in our Transactions.'^ 

Although generally considered to be a district of open-pit 
mining, the. Mesabi has really only five deposits . which are 


* ‘^The Biwabik Mine/^ by H. V. AYmcliell and J. T. Jones, Trans. j xxi., 951. 
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Pig. 11, — Plan of the Mountain Iron Mine. 
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worked strictly by open pits. There are about twelve purely 
underground mines, and three or four that use a combination 
of underground and open-pit methods. The output for the 
past year, however, gives the lead to the open-pit mines, which 
have furnished about 11- million tons, while the product of the 
underground mines was about one million, and that of the 
others about half a million. 

The 2 I 01 W tain Iron 3Iine.— This is the ideal open-pit mine of 
the Mesabi range. The topography of the deposit is especially 
adapted to mining with steam-sho\’'els. Fig. 11 is a jilan of the 
mine, and shows the cuts into the ore, the number of benches 
and the track-system. 

The first Avork was done at the extreme north end, and later 
the other tAvo cuts AA'ere put in. The map needs little explana- 
tion. The empty ears are collected in the central yard and are 
carried, in trains of 12 to 15 cars, to the north end of the pit 
to approach the shovels from that end, AA^hile the loaded cars 
pass out of the Rathbun cut to the loAver yards. The Avater is 
handled by natural drainage through a ditch, about 12 feet 
deep, made at the side of the track in the Rathbun cut. Both 
outlets for loaded cars have grades opposing the load, as indi- 
cated. Positions for three shovels are shown, two loading ore 
and one stripping. Tavo locomotives are used for each shovel ; 
one to handle the empty, and one the loaded ears. The only 
delay, therefore, that necessarily occurs is when the shovel is 
moved forward. Some great records in steam-shovel work 
have been made here. The best record Avith the largest shovel 
is said to be 171 26-ton ears, or 4,446 tons, in 10 hours ; and 
an average for one month went as high as 133 26-ton cars per 
day of 10 hours, or 3,458 tons, without the employment of 
night-shifts. The shovels used were not exceptionally hu’ge or 
of special design. 

The ore is first loosened by blasting. A shovel-creAA’" consists 
of five pit-men, an engineer, a cranesman and a fireman. It is 
probable that ore can be mined more cheaply here than any- 
where else on the Mesabi range, or in the Lake Superior 
region. 

The grades of ore guaranteed last year and the amounts 
shipped were : 
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Iron. 

Pho«phorus. 

Amount 


Per cent. 

Per cent. 

Tons 

Mountain Iron grade, . 

64.00 

.045 

77.698 

Helmer grade, 

64. OD 

. 055 

34.813 

Tubal grade, 

62.00 

.065 

20.990 

Total, . . . . 

, , 

, 

1 o 
o 
oS 

r-i 


In order to classify the ore into these grades, the hanks are 
carefully sampled from 25 to 50 feet ahead of the shoyel, de- 
pending upon the nature of the ground, and the results are 
used to guide in loading the cars. Samples are also taken of 
every train-load, and of cargoes, if necessary. 

Fig. 12 shows a shovel at work at the BiwaMk mine in one 
of the two cuts started according to the elaborate plan laid down 
in the description of this mine previously referred to. The Bi- 
wabik is a magnificent deposit, but has encountered some hard 
times in its development. Last year 243,565 tons were mined. 
The cuts are deep, as shown in the view; and the facilities for 
handling ears are poor. 

The Oliver Mine . — This mine, located at Virginia, is also 
worked by open pits. Fig. 13 shows the latest of the special 
Vulcan steam-shovels, at work in this mine. The shovel is said 
to weigh 80 tons, the dipper holding 5 tons. The ore lies in a 
gently sloping side-hill ; and after the stripping had been done, 
a cut was carried into the ore starting at the foot of the hill. 
This cut was then widened by alternate stripping and slicing 
with the steam shovel. The grade of the tracks is now con- 
siderably against the loaded cars ; and the water-level in the 
ore has been reached. To drain the ore, a shaft has been sunk, 
and small drifts have been run in the bottom of the deposit, 
through which the water is collected and pumped to the sur- 
face. A great deal of ore has been taken out of this cut. Last 
year the output was 808,291 tons. 

The Aubitrn Mine . — As an example of the mines employing 
underground mining combined with stripping, I have selected 
the Auburn mine. This method of extraction is locally termed 
the milling '' system. 

Fig. 14 is a plan of the underground openings. Thus far, two 
levels have been opened out; the first level having about 65 
feet of ore over it, and the second about 60 feet. The first 
level was laid out on what may be called the diagonal plan. A 
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main drift was ran straight out from the bottom of the shaft, 
and from this the branch drifts were opened at an angle of 45'^. 
All the drifts were timbered. From all of the drifts raises 
were carried up to the top of the ore, which had been previ- 
ously uncovered. The amount of stripping done in 1895 is in- 



dicated on the map. The stripped area has since been increased, 
and now reaches nearly to the shaft and extends over the drifts 
in the northeast corner of the mine. The second level was 
opened on the rectangular plan, that is, the branch drifts were 
run at right angles to the main drift from the shaft. 
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Top of a Fill in the Minnesota Mine. 
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!FI(3* 3. — View of Main Lievel Timbering', Minnesota Mine. 
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Fig. 4. — Underground View of Fly- Wheel Pump, Minnesota Mine. 


/El 



Fig. 8. — View Showing No. 3 Shaft and a Portion of the Cave, Chandler Mine. 



Fig. 10. — View of a Main Drift which has Beg^un to Cave, Chandler Mine. 
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Fig. 12. — A^iew of llie AVest Cnt, Looking North, Biwabik Aline. 
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Fig. 13. — View of an 80-Ton Vulcan Shovel, Oliver Mine. 



Fiti. Id — of tlie Tops of Kaises tliroiigli which Ore is Milled to the Level Below, Auburn Mine. 
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Fig. 16. — View of the Auburn Mine After the First Level Drifts had been Beached. 



Fig. 22. — Yiew in the Faj^al Mine, I.ookin«' towards the Shaft, and .Showing the Openings into the Pockets. 
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Fm. 23. — View at tlie Bottom of a Timber Slide, Fayal Mine. 
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Fig. 25. —One of the Steam Shovels Used bj the Mahoning ('o. 
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*\Ylien the raises from the first level had been completed, the 
ore was milled’’ down through them from the surface, 
trammed to the shaft and hoisted. 

The first raises are placed 40 feet apart; and when these are 
mined out, a second series of raises is put up half-way between 
the first to tap the pyramid of ore left between the first. The 
raises occasionally become ^‘hung up/’ or clogged, by the 
ore sticking or becoming jammed in them; but by preventing 
large lumps from getting into the raises, and not letting the 
raises become too full, or the ore stand in them too long, no se- 
rious difficulty is experienced from this source. By making 
the raises larger at the bottom than at the top, this difficulty 
might be still further diminished. 

Fig. 15 shows the work of milling in progress at the top of 
the first raises. Holes are drilled around the sides of the cra- 
ters by driving down, with sledges, pointed IJ-in. steel rods, 
varying in length from 5 to 18 feet. The time required to 
drive these rods varies with the hardness of the ground and the 
depth of hole, and may be from ten minutes to an hour. Two 
to four strikers may be emj)loyed. To draw these rods, wffiich 
often stick very tight, clamps are fastened to the tops and rail- 
road-jacks are placed under the projecting arms of the clamp. 
When a rod has been drawn the first 6 or 8 inches, it can gen- 
erally be drawn the rest of the way without much trouble. 
These holes are first chambered ” with three or four sticks of 
50-pei*-cent. dynamite and then charged with three to ten 25-lb. 
kegs of black powder. 

To prevent men from being carried into the raises by the 
sliding of the ore on the sides of the craters, ropes are kept 
within their reach. Owing to the neglect of this precaution on 
the part of the men, accidents of this nature have happened. 
Men carried into the craters have been rescued by placing 
around them barrels, pieces of smoke-stack or any tube large 
enough to keep the ore from smothering them. With this jiro- 
tection the men have time to work themselves loose, and can 
be pulled out. 

Fig. 16 shows the condition of affairs after the first level has 
been reached. 

By constantly sampling the ore, it is graded into two classes, 
carrying respectively 64.95 per cent, of iron and 0.049 per cent. 

VOL. xxvii. — 26 
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of phosphorus, and 62.5 per cent, of iron and 0.065 per cent, of 
phosphorus. A total of 325,000 tons was mined the first year 
(1895), and 131,000 tons in 1896. 

The Fa^al Mine , — This mine, belonging to the Minnesota 
Iron Co., is the most extensively developed of the purely un- 
derground mines. Fig. 17 is a plan of the workings. I doubt 
if a more carefully and accurately laid-out iron-mine of equal 
size is to be found anywhere. The large area of developed ore 
is shown on the map ; and there is another area, at least 
equally large, on the forty acres adjoining to the south, which is 
about to be developed. 

The Fayal shaft was sunk in the winter of 1894—5 ; in 1895 
there were mined 125,000 tons of ore; and in 1896, 325,000 
tons. All the ore is made into one grade, containing 62.5 per 
cent, of iron and 0.038 per cent, of phosphorus. 

There is from 65 to 90 feet of surface over the ore. The top 
of the ore slopes south, as shown by the map. The method of 
mining has been by rooms, and by top-drifting and caving. The 
rooms are made about 24 feet wide, with pillars between of 
about the same width, or a little less. The rooms are carried 
up to the overlying sand, which may make them as high as 65 
feet; the length may reach 300 feet. All rooms arc filled, after 
they are completed, by running in the glacial di-ift that forms 
the roof, from the top of a raise put through to the surface for 
the purpose. 

When rooming is not employed, raises are put up to the 
sand, and from the tops of these raises, what are called sub- 
drifts are put through the ore, dividing it up into a series of 
blocks or pillars, one drift-set high (see map). These subs 
are timbered with drift-sets. The first series of sub-drifts, just 
under the sand, are known as ^‘A-subs,” When the ‘^A'’-sabs ' 
run into rock or the overlying sand, a second series of subs 
known as B-subs is run 12 feet lower, center to center, 
than the ^^A^^ subs. The C and subs follow' in 

order. 

One series of subs is not extended under the one above, as a 
rule, until the upper one has been worked out; and, when nec- 
essary in order to reach timber or ore-chutes, the drifts are 
staggered so that the roof of the low^er drift does not come en- 
tirely under the floor of the upper drift. 
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After blocking out tlie ore by these drifts, the pillars or 
blocks are mined by slicing and casing; a drift will be run 
along the further side of a pillar ; then this drift will be caved, 
and a second slice taken ofl‘ alongside the first ; and the opera- 
tion will be repeated until the block has been mined. Each 
slicing-drift is not run entirely across the block; but two drifts 
are started, one from each side, to meet half-way down the side 
of the block. 

Before caving these slicing-drifts, 1-ineh boards of the 
cheapest grade obtainable are placed over the bottom of the 
drift, to keep the sand from mixing with the ore mined from 
the next lower series of drifts. The raises used for ore-chutes 
are placed about 100 feet apart; and, thus far, regular mine- 
cars, running on tracks, have been used in the sub-drifts. Fig. 
18 shows the standard underground chute, ear, etc. 

The first main sub-driffc timber-sets are made of 12-ft caps 
and 8-ft. legs, making 10 by 8 ft. in the clear; and the sets 
used in slicing have 8-ft. caps and 8-ft. 8-in. legs, making 7 ft. 
6 in. by 8 ft. in the clear. The top of the ore is irregular, a 
condition which often leaves bunches of ore above the top 
subs. This ore is obtained during the slicing and caving by 
raising up above the drift-sets and, if necessary, putting in 
baby ’’-sets. When the next lower drifts are run under the 
caved ground, all of the 12 feet of ore is removed, as follows : 
The legs being 8 ft, long, the caps 1 ft. in diameter and the 
lagging 6 to 8 in. thick, a total excavation of about 10 feet is 
required to make room for the sets, and the space remaining 
between the top of the lagging and the planking above is filled 
with blocking, the planks being allowed to settle as little as 
possible. 

At first the rooms were carried up by overhand stoping, with 
the aid of square-set timbering, in the usual manner; the 
square sets being 7 ft. 6 in. from center to center of legs, and 
the rooms therefore three sets wide. Recently, however, the 
experiment has been tried of putting in what are termed at 
the mine stull-rooms.” Fig. 19 shows the form of these rooms. 
The top of the room is first cut out by driving a wide drift just 
under the sand, and supporting this . drift with saddle-back 
timbering, which becomes the roof of the room. This roof- 
timber is put in by driving from sub-drifts on the same level, 
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thereby avoiding the hoisting of timbers. The rooms could 
be started from the tops of raises if necessary. After the roof 
is thus securely supported, the ore is stoped uudei’-hancl. 



through the raises, to the drift in the center of the bottom of 
the room, where it is run into the cars aud trammed to the 
shaft. The sides of the room are left unsupported; and the 
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doubtful part of tire experiment rras, wbether these sides 




M^ould 









Rt-ind A number of rooms have already been mined in this 
way without any trouble whatever; and, at least for the laya 


Fig. 19.— Stull-Hooms used in the Fayal Mine. 
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deposit, the experiment seems to he successful. Many of the 
Mesabi deposits, however, are traversed by a system of parallel 
and almost vertical fissures or seams, filled with crushed quartz 
which, w^hile only a fraction of an inch in thickness as a rule, 
would seriously interfere wdth this method. The Fayal has 
none of these seams, at least where the saddle-back rooms have 

Plan of the Fayal Shaft. 
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been made, and no trouble has arisen from caving sides. The 
ore obtained from these rooms is probably the cheapest ore 
obtained underground on the Mesabi, as the advantage of easy 
breaking is obtained with a lovr timber-cost. 

The shaft is sunk in ore as close to the rock as possible, 
thereby locking up a minimum amount of ore in shaft-pillars. 
A plan of the shaft is shown in Fig. 20. It is sunk at an angle 
of 66° with the horizontal, at which angle the skips can be 
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readily loaded from the underground pocket and diimi 3 ed at 
the surface-pocket, without spilling the ore into the shaft. This 
angle does not require that back-stringers be used to keep the 
skips on the tracks, A section of the shaft and underground 
pocket together is shown in Fig. 21, and needs no special de- 
scription. These pockets are being generally adopted, and 
make tramming and hoisting independent of each other for a 
short time. 

Fig. 22 was taken looking towards the shaft, and shows the 
openings into the pocket. The shaft is cut off from view by a 
partition and doors used to diminish the draft. The tramming 
is done by hand in the sub-drifts, but for long tramming on the 
main level mules are used, and have been found to reduce the 
cost materially. The V-shaped hopper-cars used with mules are 
run over the pockets, and the doors are released and closed auto- 
matically. The hand-cars hold about IJ tons and the mule-cars 
about 2 tons each. The skips hold 3i tons. The wheels are 
made of manganese-steel, which is rapidly replacing all other 
kinds of material heretofore used for skip-wheels. The skips 
are operated in balance ; and, as the shaft is used for hoisting 
only, its capacity is very large. An average output of 50,000 
tons a month could probably be maintained at this shaft. 

The Fayal shaft being an upcast, the head-frame is boarded 
ill, to keep water from freezing on the rails and skip. The top 
of the Fayal pocket is 40 ft. and the head-sheave axis 66 ft. 
above the ground. The main timbers are 12 by 12 in. The 
maximum height of stock-pile is therefore 40 ft. At other 
shafts of the same company, the height of pockets is about 
34 ft. 

Stock-piles are made long and narrow, and are built up by 
dumping over the end, and not over the sides, as by so doing 
the stock-pile increases too fast to freeze hard. Stock-piles 
that have frozen during the winter cause a good deal of trouble 
in loading by steam-shovel in the summer. The hoisting-plant 
has two 18 by 42-in. cylinders, operated by Corliss valves with* 
out cut-offs, which are directly connected to a 6-ft. drum, fast 
upon the shaft. The plant was made by E. P. Allis. The 
hoisting-rope is a 1-inch Lang-lay rope, made by Roebling. 

A special feature of the Fayal mine is the use of ^Himber- 
slides for getting timber into the mine. Fig. 23 shows the 
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bottom of one of these slides, which are made by putting up 
raises to the surface, 5 by 5 ft. in section, and equipping them 
with skid-ways, down which the timber is allowed to slide. 
The skid-ways are curved at the bottom, to diminish the veloc- 
ity of the timber. The angle o^ the first slide wms 45^^; but 
the later ones ^vere put at 38^, which is considered to be about 
the best angle. 

The men are made to travel in and out of the mine through 

o 

inclined raises specially prepared for them, so as to lessen the 
chances of tire in the main shaft. 

The Genoa Mine . — This mine is just being developed. Dur- 
ing the past year 17,136 tons of ore have been taken from the 
opening drifts. Fig. 24 shovrs the present condition of the 
mine. The execution of the work has been of the same high 
order as at the Fayal. The shaft is like those of the Fayal 
and Auburn. It is sunk on land owned in fee ; but the first 
mining will be confined to ore held under lease. The bulk of 
the ore will come from the direction in which the shaft and 
main drift are pointing. Ho rooming has yet been done; but 
the ore is obtained from top sub-drifts, slicing and caving, as 
at the Fayal. The main sub-drifts have 12-ft. caps and 8-ft. 
legs, and the slicing-drifts will probably have the same height, 
but less width (8 ft.). The raises are placed 50 ft. apiart for 
slicing and caving, instead of 100 ft., as in the Fayal. Thp 
subs are 12 ft. apart vertically, from center to center. The 
blocks of ore are about 50 ft. square when caving begins. The 
bottom is lagged mth inch-boards before caving ; cars are used 
in the subs ; and the general work is similar to that done in 
the Fayal mine. The timber, however, is handled differently. 
Fig. 20 shows the plan of a vertical shaft especially designed 
for handling timber. The timber is cut on the surface at the 
timber-pile, loaded on trucks and wheeled to the shaft. The 
timber remains on these trucks until the place is reached in 
the mine where it is to be used. Gravity is utilized to operate 
the timber-cage. By altering the weight of the balance, in- 
jured men, cars, etc., may be brought up on this cage more 
conveniently than in the main hoisting-shaft. 

A detail of some interest, common to the Fayal, Auburn 
and Genoa mines, is the use of special rooms underground for 
thawing dynamite. These rooms are generally located at the 
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end of a special drift, as sliown on the map of the Genoa, 
Fig. 24, and are kept irarm by steam-heat. Each room 
contains lockers, one of which is assigned to each contract- 
liarty. E:o candles are allowed in this room, on account of the 
danger of fire ; and, for the same reason, the men are required 
to travel through the ladder-way of the timber-shaft. The 
hoisting-plant is a duplicate of that at the Fayal. 

Hihhmg . — At Hibbing is a group of mines operated by the 
Lake Superior Consolidated Mines, of which the Burt, Rust and 
Hull mines are specially interesting. They are being very 
thoroughly developed, on lines differing somewhat from those 
thus far described ; but unfortunately it was impossible to se- 
cure maps of them in time for publication. The main drifts 
are opened on the diagonal plan ; and it is proposed to use a 
system of rooms with square sets. The rooms are to be caved, 
and the pillars mined by some other method. The novel feat- 
ure of the proposed method is the arrangement of the rooms. 
These are put in first at the boundary of the working-area of 
the shaft ; and as these rooms are completed and caved, new 
ones are opened nearer the shaft. 

At Hibbing is also the well-known Mahoning property. The 
Mahoning Company owns a very large area of ore, and will 
become in the future one of the heaviest producers on the 
range. Thus far mining has been confined to steam-shovel 
work in one cut ; but the rest of the property has been very 
thoroughly and systematically explored. Fig. 25 shows one 
of the Mahoning shovels of the latest design. 

Discussion of Different Mining Methods. 

It will be seen from the descriptions and maps of the various 
mines that there are several important points in which the 
methods of mining differ. Perhaps the first to attract atten- 
tion, had the maps of the mines at Hibbing been published, 
would have been the method of laying out the main haulage- 
drifts. 

Haulage-Drifts . — The Lake Superior Consolidated Mines fol- 
lows the method of diagonal drifts, while the Minnesota Iron 
Co. has adopted the rectangular plan shown in the map of the 
Fayal mine. Fig. 17. The latter company used the diagonal 
plan for the first level of the Auburn mine, but abandoned it 



Ore Pocket 


METHODS OF IRON MINING IN NORTHERN MINNESOTA. 




fH — I ( HT^ I |if' I 
1 L_...J t — \ m/,s 

^ idiaa ans <.aiA W ! ^ 







J i \% 

jjiaa ans «iV,, fg' 

—j 

J m 

/ M 

/ 

jjiac^ans t«v„ 

r"'' 4 j^ 

/ 4 

7 


386 METHODS OF IRO^T MINIHO IN NORTHERN MINNESOTA. 

in driving the second level. The advantage of the diagonal 
plan lies in the facility it offers to tramming, since the dis- 
tances from the working-places to the shaft are shorter and 
more direct, and all curves are very easy. Its disadvantage is 
that the blocks of ore formed by the drifts are diamond-shaped, 
and if the sab-drifts, from which caving and slicing are done, 
are placed directly over the main drifts, it is more difficult to 
mine all of the ore than if the blocks were rectangular. It 
would be very difficult to slice away and cave a system of sub- 
drifts laid out on the diagonal plan, on account of the triangu- 
lar pillars that would be left at certain stages of the work ; and 
furthermore, it would be much more difficult for the men to 
keep track of the ore, and to know just when all of a pillar 
had been mined, since the angles between drifts would not 
be right angles. The rectangular plan for sub-drifts, if rigidly 
maintained, causes less loss of ore from these sources than the 
diagonal. 

Still, the saving in tramming with the diagonal arrangement 
must be marked; for it has become a settled principle that, in 
cases of large traffic over large areas, diagonal roads must be 
obtained at any cost. Many of the Mesabi ore-bodies cover 
large areas, and, as in the Payal, the area tributary to a single 
shaft may reach 40 acres. In such cases it would seem to be 
advantageous to have a few roads radiating from the shaft. In 
the case of the Auburn, the area covered is not large enough 
to make any difference. 

It might be practicable, although no case is known to the 
writer in which it has been tried, to combine the diagonal and 
rectangular systems in those mines using top-slicing and caving 
methods. A little trouble might be experienced in getting out 
the ore of the main level ; but it does not seem that this could 
offset the advantages obtained in the tramming. 

The advantages of the diagonal system will probably be more 
marked when mining has nearly reached the main drifts, and 
repairing has to be done to them. 

Rooms . — A second point of difference is in handling the 
square-set rooms, after they are completed. At some of the 
mines the rooms are caved by blasting in the roof and the .tim- 
bering, while in others they are filled by running in the over- 
lying drift through raises put up for the purpose. 
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There can be little doubt, after all the experience that has 
been had with rooms on Lake Superior, that rooms cannot be 
caved without incurring large losses in the pillars, unless the 
latter are two to three times as wide as the rooms. TThen 
pillars and rooms are of the same width nominally, the pillars 
are actually about 2 feet narrower than the rooms; and when 
the rooms are caved, the top of the pillar is broken and lost, 
and the rest of it is so crushed as to make regular mining in 
it impossible. All that can be done is to run '' the pillar until 
the sand Qomes. 

Square-set rooms, which have been so largely abandoned 
elsewhere on Lake Superior, have been revived on the Mesabi 
range, and one naturally asks why this is the case. IsTiimerous 
causes have probably operated to bring rooms into favor again. 
The main one is, of course, that ore mined from rooms is the 
cheapest ore obtained underground. Gravity assists both in 
the breaking of the ore and in the loading into ears ; and the 
only increased cost is in the timbering. As has been shown, 
the timber-cost has been reduced to a small amount at the 
Fayal mine by the use of saddleback timbering; and in those 
mines which are compelled to use the old form of square sets, 
the timber-cost is less than on the old ranges, by reason of the 
cheapness of timber on the Mesabi range and the use of larger 
sets. 

In spite of these advantages, hovrever, it is safe to predict, in 
the writer’s opinion, that history will repeat itself, and that 
rooming will soon be abandoned as a regular system of mining 
in this region. Its disadvantages are not developed until 
the wrecking of the surface has become general, and the 
removal of the pillars begins. It is then that the increased 
cost of ore from pillars, the uncertainty of the work, and 
the accompanying large loss of ore, force the conclusion that 
while rooming is highly satisfactory as regards the cost of ore 
directly taken in that way, it is highly unsatisfactory as regards 
the cost of getting the ore that is left, and the average cost for 
the whole deposit. When the capping of the ore is solid rock, 
the above remarks do not apply; hut on the Mesabi the covering 
is sand and glacial drift. 

A third interesting difference in the methods of mining, 
which has not been brought out in the descriptions given, is the 
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manner in wliicli l^unclies of ore, lying above tbe first or top 
drifts in the top-caving system, are mined. In the description 
of the Fayal mine, it was observed that such ore would be taken 
out on the retreat, when caving began, by the use of small or 
“baby-sets” above the main sets. This system, hd’wever, has 
not yet been fully developed, and its ultimate success is uncer- 
tain. At the Franklin mine, near Virginia, the regular top-cav- 
ing system is employed, the raises being about 30 ft. axiart and 
3 ft. in diameter. Wheelbarrows are used. The main timber- 
sets have 8-ft. legs and 5-ft. caps, so that about 10 ft. of ore are 
taken in one slice. On the top-slice, however, the legs are cut 
to suit the height of ore at each particular place, the caps hav- 
ing a constant length (5 ft.), while the legs may be of any length 
up to 14 and 16 ft. This method has been well developed, and 
is working very successfully. The use of the wheelbarrows and 
the placing of the raises so close together does not necessitate 
the maintenance of level drifts, but the drifts are sloped some- 
what to suit the dip of the top of the ore. In strong contrast 
with this is the arrangement at the Fayal mine, where raises are 
100 feet apart and cars are used on the top-drifts, and the drifts 
are large and driven with as much care as the main-drift lead- 
ing to the shaft. It will be interesting to see which system 
prevails ultimately. 

The extent to which lagging is used varies much. In some 
of the mines the sides of rooms are lagged even when the 
rooms are to be blasted in. In others, no side-lagging at all is 
used in rooms, even when they are filled. This is perhaps a 
small difference ; but it is interesting. 

In top-slicing and caving, all cover the bottom of the drift, 
before caving, with boards, split lagging or slabs, while some 
lag the side next the ore as well, and others do not. On the 
last point it makes a difference whether it is the top or first slice, 
or a lower one. The first slice is taken directly under the un- 
broken sand, and this sand does not follow the ore very closely. 
When a pocket of sand is tapped, however, or when caving is 
proceeding under ground already broken up, the sand and drift 
rush up to the side of the ore; and under such conditions side- 
lagging would seem to pay. 

hTone of the mines follow the system employed at the Chand- 
ler, of leaving ore in the back of the drift, to be caved with the 
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coA^ering on the retreat. The reason is that the grade of Mesa- 
hi ores is not high enough to stand the loss in percentage of 
iron which always accompanies this system, more or less. Ore 
obtained by such a method is, of course, much more cheaply 
broken than that which is sliced or drifted out, but it is a 
question of both gain and loss. 

COXGLUSIOX. 

Mining on the A" ermilion range has reached a settled, fixed 
system, and ranks with the best practice on Lake Superior. It 
is not probable that any radical change Avill be made in the fu- 
ture, as the present methods are the results of considerable ex- 
perience and the conditions arbitrarily limit the methods of 
mining. 

On the Mesabi range, however, one is forced to the conclu- 
sion that no company is yet satisfied with its method of under- 
ground mining. Experiments are being tried constantly ; 
schemes are talked of continually; and, with the best talent on 
Lake Superior at work on the problem, it is possible that in the 
near future some new system will be developed which will be 
considered the best. Thus far the practice has been to apply 
to the ncAv conditions the well-known systems of the older 
ranges, from which those directing the work came. It is diffi- 
cult, however, to see whence any radical change of present 
methods can come, except in the development of open-pit min- 
iiig. 

In a preAHOUS paper* the Avriter attempted to determine the 
difference in the cost of mining ore underground and in open- 
pit, exclusive of stripping-cost, and placed it at 21.5 cents per 
ton. 

Although the data from which this difference Avas computed 
were not as extensive as one would wish, it is still belieAmd to 
be a conservative estimate, and one may reasonably expect open- 
pit work to become much more highly developed in the future 
than it is at present. 

The cost of opening and certain risks would be increased, 
perhaps, by open-pit mining; but the advantages obtained 
would seem to justify such additional expense and risk. 

* Open-Pit Mining with Special Keference to the Mesabi . Proceedings oj the 
Lake Supenor Mining iTisiitute, vol. Hi., 1896. 
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Thorough and accurate preliminary exploration, the importance 
of which is becoming more and more recognized, would remove 
all risks. 

The writer acknowledges his indebtedness to nearly all of the 
mine-nianag'ers and superintendents of Minnesota, who have 
afforded him every courtesy and much assistance in collecting 
the data given in this paper. He is specially indebted to Mr. 
D. H. Bacon, President of the Minnesota Iron Co. 


The Electrolytic Assay as Applied to Refined Copper. 

BY GEORGE L. HEATH, SOUTH LAKE LINDEN, MICH. 

(Lake Superior Meeting, July, 1R97 ) 

It may at first appear doubtful that any further ideas can now 
come from such a well-trodden soil, when we cousicler that the 
ground of the subject has been so thoroughly gone over in 
many of its phases and that observations have been recorded 
in technical journals, ever since the days when Luckow and his 
cotemporaries brought the electrolytic deposition of pure cop- 
per to the position of an exact scientific method. Certain 
facts, however, which seem worthy of note, have come under 
the writer’s observation during an extended use of the nfethod 
in a large refinery, involving frequent tests of refined Lake and 
electrolytic copper, and thousands of assays of native copper 
concentrates and tailings. 

This work has required a careful study of the conditions 
suited to the assay of refined copper, and of ores and tailings — 
conditions which must he varied for each particular case to se- 
cure the best results. Especially is this true when we come to 
the exact determination of pure copper in the high-grade re- 
fined metal of the present day. 

Very slight traces of impurities (especially tellurium, selen- 
ium, bismuth, tin, arsenic and antimony) seriously injure the 
f)roperties of copper, notably its electrical conductivity. 

The increasing demands of electrical science and construction 
lead to the conclusion that the analysis of all high-grade Ameri- 
can coppers, at least, has become, and must be in future (in or- 
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cler to be of any value to an intelligent manager), a matter of 
accuracy, permitting no greater limits of variation or error in 
the determination of copper than 0.01 per cent., and in the esti- 
mation ot foreign impurities, 0.001 per cent., and even less. 

This is evident when attention is called to the fact, recently 
noted by A. S. AYarren,^ that American high-grade refined 
copper contains about 99.9 per cent, of pure copper, including 
the variable trace of silver present, which is best deposited with 
the copper, the amount of silver having been ascertained by a 
special rssay. This allows only 0.1 per cent, for oxygen, which 
constitutes the greater part of the remainder, and for traces of 
other impurities, which vary in nature and amount with the 
perfection of the refining and the source of the metal, whether 
from native mineral or sulphide-ores. 

Oxygen is not now reckoned as a harmful impurity, since 
within a low limit, easily maintained, a small amount is appar- 
ently necessary to insure a proper ^^set” and good physical 
structure. It is, of course, an absolute impossibility to pour 
copper in direct contact with air, and not have a little oxygen 
present in the cast metal. 

The electrolytic assay is found to be the only chemical 
method sufficiently accurate for the estimation of the percent- 
age of copper in any high-grade manufactured product, though 
there are other methods which, as noted by western assayers, 
are better suited to complex ores. 

Most text-books and miscellaneous articles on the assay of 
copper deal with its application to ores and with separations in 
commercial alloys, and are deficient in directions for the very 
exact assay of 99.9 per cent, material. 

With the exception of Fresenius and Hampe’s methods for 
the complete analysis of copper, the directions usually given by 
writers on assaying call for a little sample of 0.1 gramme to 0.5 
gramme in weight. 

To permit the attainment of check-results agreeing within 
0.01 per cent., at least 5 grammes of copper must be taken for 
each assay : (1) because the sample must be an exact average 
of a bar or plate, which may not be strictly homogeneous ; and 
(2) because the best laboratory-scales do not weigh closer than 
0.0001 gramme with certainty. 

Eng. and Mimng Jow'nal, April 10, 1897, p. 351. 

VOL. xxvir. — 27 
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If only a 0.5 gramme sample is taken, a difference of 0.0001 
gramme, from any cause, would change the result 0.0001 — 0.5 
= 0.02 per cent. — ^too great an error. 

I believe 5 grammes of copper, except in special cases, is the 
best weight to assume as a sample of high-grade metal, since it 
may be deposited from a solution of small bulk (which is de- 
sirable) and yet is a sufficient quantity to give the required ac- 
curacy in weighing. 

Before detailing the method used by the writer for this spe- 
cial class of material, a few suggestions may be made as to the 
apparatus, etc., which have proved most satisfactory^ for a large 
amount of electrolytic work. 

Electrodes . — I favor the use, for all copper analysis, of the 
platinum spirals and cylinders (preferably slit open on one side) 
since they are less expensive than dishes, more easily^ removed 
from the solution, the plates of deposited copper are cleaner, 
and the copper may be deposited from a solution of an ore or 
mineral, without filtering out the siliceous gangue. 

The cylinders may be 2 inches (5.1 cm.) - high, and Si- 
inches (8.9 cm.) to 4 inches in circumference, and the wnre 
stem by which the electrode is clamped to the holder should 
extend at least 2 inches (5.1 cm.) above the cylindrical plate. 
The total weight is 11 to 14 grammes. 

Stands. — These, with the attached clamps, should be easily 
adjustable to beakers and dishes of varying height. 

A cheap apparatus designed by the writer fulfills these con- 
ditions and is easily constructed.* * * § Other good forma are 
described in the works of Classen,t Smithf and Dr. Peters. § 

The Source of Eledridty . — The crawfoot or “ gravity ” cell is 
the cheapest reliable primary battery for a moderate amount of 
general work, not warranting an expensive plant. At least, 
that much-maligned current-generator may be made to give sat- 
isfaction if it is very frequently overhauled — at least twice a 
month when in constant use, or as often as it becomes choked 
with deposited material at the bottom. It does not pay to use 
the zincs up too much ; but about half the expense may be saved 


* Jour. Amtr. Ohem, Soc., June, 1896, voL xvixi., p. 55S. 

t Quantitative Chemical Analysis hy Electrolysis. Am. ed., pp. 48 "54. 

J Electro Chemical Analysis. 

§ Modem Copper-Smelting ^ 7th ed., p, 45. 
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if a mould is provided, and the zincs are cast with the spent 
fire at the close of a day's work at the wind-furnace. The old 
zincs may be scraped, broken up, and re-cast with twice the 
weight of new spelter. Melt the metal at low heat, and use a 
covering of charcoal in the graphite crucible. 

A device, the good effects of which have possibly not 
occurred to all, consists in refilling the cleaned battery-jars 
one-fourtli to one-third full of old battery-solution (saturated 
zinc sulphate) and then diluting with water till the zincs are 
covered. 

Pure water, alone, offers a great resistance to an electrical 
current; and much zinc must be dissolved unnecessarily to es- 
tablish the proper conditions for maximum current, unless old 
battery-solution is introduced as just recommended, when the cell 
will be found almost immediately to be in good working order. 

By far the best current-generator is the dynamo with incan- 
descent lamps ill circuit, preferably combined with a small 
plant of storage-cells at those laboratories where the current 
from a dynamo is available only at night. The dynamo-current 
may at that time be caused to run the assays and charge the 
storage-cells for use during the day. 

One of the best storage-cells is the chloride accumulator ’’ 
(type 5 E, Electric Storage Battery Company, Philadelphia) 
costing about flO each. A voltmeter is necessary; and a 
"Weston instrument (0 to 5 volts) may be obtained for about $25. 

These cells may be arranged in independent groups of three, 
in series such that one group, or series, may be discharging 
while another set is being charged. Each cell, when charged, 
has a potential of about 2.5 volts, and three cells in series will 
give from 9 to 10 amperes for from Id to 15 hours. The 
strength of the current may be easily varied by passing it 
through a rheostat. 

A cheap and efficient form consists of 500 feet (152 m.) of 
iron wire stretched on a wooden frame about 6 feet (1.8 m.) 
long, and fastened to the wall behind the assays."^ 

ATvangeYRCRt of Ajialyses . — These should be connected in par- 
allel with the current so that each assay may be independently 
connected, or withdrawn, without stopping the current passing 
through other copper-solutions. 


* SmitFs Electro Chemical Anal, 1st ed., pp. 28-29 (2d ed., pp. 33-34). 
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If a pair of main wires are led along a slielf or frame, tlie 
stands carrying’ the clamps for the electrodes may be attacdicd 
]jy small short tap- wires with soldered joints. 

^ Acidity ovd Conce/itraiion . — There has been much needless 
disagreement concerning the kind of acids and the proportions 
of the same which should be present in a solution of copper un- 
dergoing electrolysis. 

Chemists have recommended both dilute nitric and dilute 
sulphuric acid as the menstruum and solvent; but generally no 
sufficient reason has been given wffiy one acid should be pre- 
ferred in the separation of copper. 

One property of nitric acid, or a nitrate, differentiates its be- 
havior during electrolysis from that of sulphuric acid, namely, 
its conversion to ammonia by the electric current. 

This change^ may he complete if sufficient time be given, 
and some of the acid chemically combined with iron, for in- 
stance, may be attacked, the wdiole reaction possibly resulting 
in the deposition of foreign oxides upon the copper plate. This 
reaction is the cause of nearly all the trouble in copper-assaying 
with nitric acid solutions. 

I have proved repeatedly with, rich and lean cupriferous ma- 
terial that foaling of the electro-deposited copper need not 
occur (even in the presence of considerable amounts of iron, 
alumina, titanium, cobalt, nickel, zinc, lead or manganese, etc.), 
if the strength of current is only just sufficient to deposit the 
copper in a regnline plate (0.05 to 0.1 ampere for ores, and 0.2 
to 0.8 ampere for refined copper), and if also sufficient sul- 
phuric acid is jjresent : — 

(a) To keep all foreign bases in solution as sulphates after 
the deposition of the copper ou the cathode. 

(b) To form hydrogen ammonium suliDhate with all the nitric 
acid originally present, but afterwards decomposed by the cur- 
rent. 

(c) To provide a small excess of free sulphuric acid in ad- 
dition. This excess of free acid should be increased with in- 
crease of current, and according to the proportion of other 
bases dissolved with the copper in the solution undergoing 
electrolysis. 

If arsenic or antimony occur in copper in appreciable quan- 


* Classen^ s Analysis by Electrolysis, p. 3. 
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tity tliej slioiilcl first be removed by evaporating tbe solution 
vritli chlorine, or bromine.^ F. L. Sperry's recent papjerf does 
not apply his knowledge of the behavior of nitric acid to the 
pDrepDaration of the analysis, since he directs the solution of 1 
gramme of copipier-ore in 25 ee. nitric acid, the evaporation of 
the liquid to dryness with only 10 to 15 drops of sulpkuric acid 
and the final addition of a compiaratively large amount (7 cc.) 
of nitric acid (sp). gr., 1.2), and 4 dropjs of sulphuric acid. 

He writes that the electrolysis must not l^e too long com 
tinned, or nickel, etc., will be deposited. No wonder, when 
the pDi'opDortion of nitric acid is so large that its comp^lete change 
to ammonia means nothing less than the final neutrality, or 
even alkalinity of the solution. 

The same chemist has shown that copp^er is deposited in a 
spiongy condition from sulphuric acid in large excess. Titus 
TJlkeJ recommends the use of 1.25 cc. of strong sulphuric acid, 
and the final addition of only 6 to 8 drop)s of nitric acid. The 
writer has found that whether a little nitric acid is added or 
not, if the sulphuric acid is in suflieient excess to keep the 
liquid always strongly acidified, the separation of copper and 
nickel is always complete. Witness the following check-anal- 
yses on two small samples of nickel-ore from Sudbury, Out. : 


Clieck^Analyses. 


Sample No. 



I 

II. 

A’'olume, cc , 

. 

. 

. 100 

100 

Current, amp., . 

. 

. 

'0.3 

0.15 

"Weight, gramme, 

. 

. 

1. 

1. 

Copper, per cent, 

• 


(a. 13.54 

' U. 13.39 

13.67 

13.68 


The plates in I. were slightly tarnished from excessive cur- 
rent, but all appeared nickel free. In II., the ore was decom- 
posed with 15 cc. nitric acid, the nitric acid removed by evapo- 
ration with 5 cc. sulphuric acid (sp. gr., 1.84) and after dilution 
0.3 cc, strong nitric acid was added, a minute amount, sup- 
posed to be nearly equivalent to the copper existing as sulp^hate. 
The deposited copper was not spongy. 

* Smith’s Electro Chemical ALnoZysis, 1st ed., p. 93 (2d ed., p. 112). 

t In Peter’s Modern Copper-Smelting, 7th ed., p. 44. 

J Eng. and Min. Jour., Jan. 30, 1897, p. 114. 
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Xitric acid works very well alone for separations only when 
nearly 5 per cent, of free acid is always kept in solution, oi 
enouarh to make the licpiid always strongly acid; hut in dealing 
with concentrated solutions of refined copper it is best to use a 
minimum amount of a carefully proportioned mixture of the 
two acids mentioned. 

Tests for the. Comi>letion of the Medrolysis.—^ome authorities 
recommend that the solution he diluted with water when the 
assay is nearly finished, and say that if no copper makes its ap- 
pearance on the clean part of the platinum electrode, the plate 
may be removed. 

This is a misleading test with high-grade material, at least, 
since a trace of copper (0.001 gramme or less) frequently re- 
mains dissolved for twenty-four hours or more after the solu- 
tion is perfectly colorless, and until the nitric acid, if present, 
is nearly all converted to ammonia. It is well to hasten the 
removal of this trace by an increase of current, if the copper 
analyzed is very pure. 


Tests for Copiyer laith IT/drogeji Sulphide ^Yater and Lviih Potassium 

Ferrocyanide. 


Indicator. 

If 

sS 

§3 

o - 

Copper. 

Total Volume, 
with Re- 
agents. ■ 

Interfer- 
ing Ele- 
ments. 
Added. 

Color-Rcaction. 


Cc. 

Grammes. 

Cc 


Good perceptible brovrn tint. 


0.4 

o.oo'ooos 

2 

FTone, 

Iv^FeCvt, 

0.4 

0 000005 

2 

'None, 

Good reddish brown tint. 

water... 

1.0 

0.0000125 

2 

None, 

Dark brown. 

K^FeCye 

1.0 

0.0000125 

2 

JN^one. 

Dark reddish brown. 

water... 

0.4 

O.OOOOOo 

2 

Chloride 
of iron 

Chloride masks color. Sul- 
phate of iron has little effect. 

K^FeCyg 

0.4 

0.000005 

2 

Chloride 
of iron. 

Iron interferes ; blue color. 

HiS water... 

0.1 

0.0000012 

2 

None. 

Distinct though faint tint. 

K4FeCy6 

0.1 ^ 

0.0000012 

2 

None. 

Nothing perceptible. 


Hydrogen sulphide water and solution of potassium ferrocya- 
nide have been recommended as better means for detecting 
traces of copper ; and the foregoing table records experiments 
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with these reagents upon standard copper-solution. The meas- 
ured portions of solution of copper sulphate (1. cc.= 0.000012 
gramme Cii) were placed in the cavities of a white porcelain 
tile, such as is used with volumetric titrations. 

According to these tests, 1 cc. of a liquid which gives abso- 
lutely no tint of brown with H 2 S must contain much less tlian 
0.000,001 gramme of copper; and II, S will detect copper in 
presence of iron, or a trace of arsenic or antimony. 

Method for Analijsis of Refined Copper . — It is presupposed 
that a complete analysis is not required, and that the trace of 
silver usually present is to be deposited also with the copj)er, 
since the silver can be more accurately estimated by a special 
test on a large sample. 

Dissolve about 5.0 grammes of the metal in a tall, narrow 
No. 1 lipless beaker 1|- inches (4.4 cm.) in diameter, and 4| 
inches (10.8 cm.) high, in 20 cc. of nitric acid (sp. gr. 1.42). 
Evaporate, after removing the cover, with 5 cc. of sulphuric 
acid (sp. gr. 1.84) until the mass is dry, or the white fumes are 
seen. (The above-mentioned quantity of sulphuric acid is cal- 
culated as the least jiossible excess over the 4.25 cc. necessary 
to form cupric sulphate.) Cool the beaker; add 2.7 cc. of ni- 
tric acid, wdiich can never neutralize, if reduced to ammonia, 
more than the 4.2 cc. of sulphuric acid; dilute with 30 cc. of 
water ; and heat till all the copper sulphate is dissolved. Di- 
lute to 120 cc. ; place the beaker in position on the electrolytic 
stand ; introduce the platinum electrodes, which have been pre- 
viously cleaned with acid, washed with water and absolute alco- 
hol, ignited and w^eighed ; and finally turn on the electric current, 
covering the beaker with glass to prevent loss by spattering. 

The bodj^ of the cylindrical electrode should now^ be just 
covered with the liquid and any little liquid lost by evaporation 
should be replaced from time to time. 

Electrolyze this concentrated solution with a current of 0.25 
to 0.3 ampere (from storage-cell or incandescent lamp), that is, 
as rapidly as possible without producing sponginess in the de- 
posited metal. 

The current of one old-style, 16 c. p. lamp, 75 volt circuit, or 
a series of 6 gravity batteries, suffices for two of these assays 
connected in parallel. 

When the solution has appeared perfectly colorless for at 
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least 12 liours, remove one ee. to the cavity of a white tile, and 
test with one cc, of freshly j)reparecl hydrogen snlfliide water. 
Continue the electrolysis until the test-portion remains abso- 
lutely fi’ee from any brown tint when compared with clear 
water. 

The sets of weights used for this work should be very accu- 
rately and carefully compared with each other, since slight dis- 
crepancies would prevent extreme accuracy in weighing. 

"When the deposition is strictly complete, hold the stem of 
the electrode tightly with one hand, while the clamp is un- 
screwed with the other, then instantly raise the electrode and 
plunge it into a large beaker of cold distilled water. If it is 
preferred to have the assay resting on a block of wood, remove 
the block with one hand and instantly drof) the beaker and re- 
place it with the beaker of cold water before the screw is 
loosened. Complete the washing with water ; then wash with 
absolute alcohol; ignite the film of alcohol adhering to the 
plate ; cool a short time and weigh. 

It is not necessary to dry in a desiccator, if the electrode is 
allowed to remain in the balance-case a few minutes before 
taking the weight. As the total weight of the cathode (plati- 
num and copper) is only about 20 grammes, any error due to 
the difi-erence in volume of the j)latinum and the brass weights 
is negligible. 

That the electro-deposition of copper may be made strictly 
complete and suited to the assay of the highest-grade metal is 
easily proved by testing the colorless liquid with sulphuretted 
hydrogen water, and has been further demonstrated : 

1. By the assay of miscellaneous specimens of American 
metal, in which all the foreign metallic and non-metallic ele- 
ments have been estimated by separate analyses. The sum total 
should then come within one or two hundredths per cent, of 
one hundred, if the sampling is accurate. 

2. By analyzing some very pure cathode-metal already once 
deposited as a sheet from a solution of a pure Lake copper. 
This sheet was cut into a strip and drawn cold through a die 
into wire, to remove the gases by mechanical work. It was then 
annealed at low heat, and the surface of the wire was carefully 
cleaned and polished. This copper was found to be free from 
traces of any other elements, except a possible trace of silver 
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(see Xo. 7). A few results are taljulatecl, and show a gain 
in accuracy of sampling and agreement of check-results when 
o-graninio samples are assayed instead of 1-graninie oi less. 

In samples -3, 4 and 5, the oxygen was very closely deter- 
mined by Hampe’s method; hut assays U, 46 and 56 could not 
he cut from the very same portions from which Set, 4fi and ha 
were taken. 

Considering the possible slight difference of sampling in- 
volved, the tests on the three samples mentioned agree well 
enough; and Ko. 7 is exact. 

Tests on 5-graniine samples check a little better, and are far 
less liable to be slightly low from the retention of a faint trace 
of copper (perhaps 0.0001 gramme) in solution, which loss 
would, as before stated, have no perceptible effect on the per- 
centage determined npon a large sample. 

The solvent power of nitric acid uj)on a deposited plate of 
copper in a concentrated solution is very marked ; hence that 
acid could not well be used alone for refined copper ; but by the 
expedient of removing the nitric acid by sulphuric, and then 
adding a small measured amount of the nitric, we produce a so- 
lution which shall contain at the end of the electrolytic opera- 
tion only ammonium bi-sulphate and a little free sulphuric 
acid, which keeps impurities dissolved but does not have appre- 
ciable solvent effect on the copper wdiile suspended in the 
liquid, or during its subsequent removal and washing. 

The method detailed will, if carefully followed, ensure com- 
plete deposition of co|)per in a pure condition from solutions of 
refined metal, or of any other metallic product, when harmful 
elements are not present to interfere with electrolysis. 


A Mine-Dam. 

BY WILLIAM KELLY, VULCAN, MICH. 

(Lake Superior Meeting, July, 1897.) 

An exploring-drift on the bottom level of the Curry mine, at 
Norway, Mich., on the Menominee range, cut a stream of water, 
which increased considerably the expense of pumping. The 
hope that the supply would draiu off was not realized. It was 
decided to build a dam in the exploring-driffc, as it was esti- 
mated that the cost would be recovered by the saving in fuel 
in less than two months. 
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The 8tli and lowest level of the mine is 780 feet below the 
surface. The exploring-work had started north from the shaft 
at right angles across a slate to a jasper formation parallel to 
that which contains the principal ore-body. In this north jas- 
p>er several hundred feet of drifts had been opened in ditferent 
directions. The dam was located in the slate near the jasper. 
The dritt at this point is 6 feet wide and 7-| feet high. The 
amount of water enclosed by the dam would be less if it had 
been built nearer the face of the openings; but the jasper, 
though hard to drill, is not firm, while the slates, though softer, 
are dense and solid, and the impermeability and strength of the 
adjoining measures were of commanding importance. 

The dam was built of local sandstone in the shaj)e of an arch 
upon its side, with a radius of 6 feet and a thickness of 10 feet. 
The mortar was made of one part Hilton cement and two parts 
sharp sand. The abutments were formed by cutting out the 
sides of the drift in line with the center of the curve of the 
arch, but leaving the rock rough. The floor was excavated 15 
to 20 inches below the bottom of the drift, and the top was 
made 2 feet higher in front and 5 feet higher at the back. In 
laying the masonry the front courses of stone were cut to fit the 
arch and care was taken, partieularty at the top, to leave no 
crevices. Two openings were left through the dam : one, a 5- 
iiich pipe to carry off the water, fitted with a gate-valve at the 
outer end ; and the other, a man-way of 20-inch steel pipe, plain 
at the inside end, and with a heavy flange shrunk on at the 
other, to which a heavily ribbed blind flange, 2| inches thick, 
was bolted. A small pipe tapped into the blind flange carried 
a hydraulic pressure-gauge. The 20-ineh pipe was anchored 
in the masonry by three clamps, and the flanges were bolted to 
three long rods passing through the wall with washers inside. 
The 5-inch pipe, wnth a flange on the inside end, was also an- 
chored by three clamps, the arms of which radiated in different 
directions. As it is nearly 800 feet below the surface, and the 
source of the water was unknown, the pipe and fittings were de- 
signed to withstand a pressure of 350 pounds to the square inch. 

The water was shut off’ about 4.30 p.m., May 13, 1897, and a 
little before noon the next day the pressure v^as 100 pounds, 
rising to 215 pounds at 3.30 and 240 pounds three-quarters of 
an hour later. The dam leaked about 30 gallons a minute, the 
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quantity increasing Avitli the j)ressiire. This condition was not 
satisfactory, and the water was let otf. In two hours the pres- 
sure fell to 45 pounds, and the water rose at the shaft about a 
foot OA^er the floor. A high pressure Avas produced by a small 
quantity of Avater, shoAving that part of the Avater-course AAnas 
A^ery small. 

The closing of the dam seems to haA^e increased the floAA’’. 
For the thirty days preAuous, the record of the pumping, meas- 
ured by displacements, gave an aA^erage of STO gallons per 
minute. After opening the dam, the average for fourteen days 
was 413 gallons. 

To put in an imperAuous stratum, a brick AA^all 22 inches thick 
was built 2 feet 2 inches from the inside of the dam and the 
space betAveen was filled with concrete. This Avas made by 
mixing four parts of limestone, broken to egg-size, AAuth three 
parts of cement-mortar. A short length Avas added on the in- 
side to the 5-iach pipe, and a iDiece of old smoke stack, 18 inches 
in diameter, was used for lining the extension of the man-way. 
OAving to the increase in the Avater after the dam Avas opened, 
there AA^as some delay in draining the mine, and it Avas seven- 
teen days before the addition to the dam was completed. Be- 
fore closing it, three loads of horse-manure were put against the 
brick Avork and held there by a plank partition. 

The Avater aa^s shut off the second time on June 1st, at 9.30 
A.M. While the Avater Avas accumulating in the drifts, the pres- 
sure increased sloAvly. The following are the readings of the 
gauge taken eA^ery two hours, beginning eight hours after the 
dam AAms closed: 


Date. 

Time. 

Pressure lbs. Equivalent head 
per sq. ft. of water. 

Feet. 

Increase in 
2 hours. 
Feet. 

June 1, 

5.30 P.M. 

5 

12 


« 

7,30 

13 

30 

18 


9.30 “ 

22 

50 

20 

a 

11.30 “ 

30 

70 

20 

June 2, 

1.30 A.M. 

45 

105 

35 


3.30 

71 

165 

60 

a 

5.30 “ 

130 

300 

135 

it 

7.30 

220 

510 

210 

it 

9.30 '' 

260 

600 

90 

u 

11.30 

268 

620 

20 

it 

1,30 r.M. 

270 

622 

2 

iC 

3.30 

271 

625 

3 

t( 

5.30 ‘‘ 

272 

628 

3 

t( 

7.30 « 

273 

630 

2 
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On -June 8tli the pressure was 277 pounds to the square inch, 
equal to a head of 640 feet, and the total pressure against the 
dam was over 800 tons. 

During the morning of June 2d, before the pressure had 
reached the maximum, the water which flowed from the dam 
was collected in a small stream and caught in a pail. It took 
22 seconds to fill the pail, which held a little over 19 pints, 
showing a flow of about 7 gallons per minute. 

The "second day after, though the pressure was higher, the 
flow had decreased to 5 gallons, and four days later it had fallen 
to 2| gallons per minute. The water which came through the 
dam trickled out in eight or ten difterent places, most of them 
near the top or one side. The water was milky and left a heavy 
calcareous deposit on the face of the dam and in the ditch. 

After the dam was closed, the record of the pumps for six 
davs showed that the mine was making 115 gallons of water 
per minute, a decrease of 295 gallons. 

The cost of the dam was as follows : 


For stone, brick and sand at top of shaft, 

1 41.25 

“ 

cement, 

151.70 

u 

pipes, valves and gauge, 

ysoo 

c. 

labor sending down materials, 

16 54 

ti 

« breaking stone for concrete, . 

17.77 

tl 

“ cutting out drift, 

21.00 

te 

“ building darn, 

141.01 


Total, ...... 

1484.27 


The stone was taken from an old foundation, and the cost of 
quarrying is not included. 


The Potsdam''^^ Gold-Ores of the Black Hills of South Dakota, 

BY FRANK CLEMES SMITH, RAPID CITY, SOUTH DAKOTA. 

(Lakfi Superior Meeting, July, 1897 ) 

In describing a certain class of ores, of ever-increasing im- 
portance in the Black Hills, they are variously called refrac- 
tory,” siliceous,” or Potsdam;” the first name serving to 
distinguish them from the other important class — the free mill- 


* See Postscript, p 428. 
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ing ores ; tlie second name being obvioiislT applied on account 
of tlieir mineral character, and the third name being taken 
from their more frequent geological habitat — the Potsdam 
series of the Cambrian. Por various reasons I have used the 
latter name in heading this article, and have further classed 
these ores as gold ores, when, to speak strictly, it might be iin- 
advisable to adopt a classification based upon either geological 
habitat or economic character; as a matter of fact, neither 
qualifying adjective is strictly correct in universal application 
to the ores in question, since they are, in certain cases, found 
in rocks later than the Potsdam, and, in a few notable cases, 
are ores ot silver. However, the above designation may be 
allowed to pass, since it will serve as a riuaM distinction from 
the more general refractory and quartzose ores, and since these 
ores have been most largely rained in the Potsdam series ; the 
further designation, as gold ores, may be allowable since, in 
the light of present knowledge, such are largely in the ma- 
jority. 

Paleozoic rocks, consisting of a maximum thickness of about 
460 feet of Upper Cambrian or Potsdam (consisting of quartz- 
ites, sandstones and shales) conformably overlain by a maximum 
thickness of Carboniferous rocks of about 785 feet (mainly 
magnesian limestones, with some sandstones)''^ completely en- 
circle the inner uplift of the Black Hills, and, at various points 
throughout the inner circle of the hills, varying thicknesses of 
Paleozoic rocks yet remain resting upon detached elevations 
of the Archeanf measures. 

The Potsdam quartzites, sandstones and shales, resulting 
from the degradation and subsequent littoral deposition of the 
subjacent Archean schists and slates, usually carry small 
amounts of gold, but neither these rocks nor those of the Car- 
boniferous are ever sufficiently mineralized ■with the precious 
metals to be called ores, except in certain localities where they 
are cut by dikes, covered by flows or intercalated wuth sheets 
of igneous rocks. If this statement may be accepted, it will 


* Dr. F. K Carpenter, -BepL Dak, School of Mines^ page 34, mentions tlie occur- 
rence of Trenton limestone near Deadwood. Certain thin, blackish and lead- 
colored shales have been found in a few localities, and are possibly Devonian. 

t The term Archean is used to cover all pre-Cambrian rocks exposed in the 
Black Hills, although they have been largely classed as Algonkian. 



406 


THE POTSDAII GOLD-ORES OF THE BLACK HILLS. 


be Jit once understood, bv those who are familiar with the more 
salient features of the geology of the Black Plills, that the dis- 
tricts capable of yielding siliceous or Potsdam ores are not 
neee&sarily to be limited to those already in existence, but are 
likely to be increased in number as the prospector visits new 
areas showing results of former igneous action. 

At present, we may, for convenience, classify the producing 
area of the Black Hills into two districts : (1) The Northern 
connected district, and (2) the Galena district. Under the first 
we may include various previonsH-named districts, such as 
Bald Mountain, Euby Basin, Portland, Ragged Top, Squaw 
Creek, Carbonate, and certain more or less neighboring locali- 
ties eoverino: detached areas of siliceous ore, such as the de- 
posits near Lead City and Ueadwood. In the Galena district 
we include the producing area in the vicinity of the town of 
Galena, which is, by wagon-road, some twelve miles south- 
easterly from Deadu'ood. 

It should be understood that this classification into two dis- 
tricts is purely arbitrary, and is not made with reference to any 
organized mining districts, but simply for convenience in de- 
scription. Both districts are included in the northern Black 
Hills, ill Lawwence county, South Dakota. 

The accompanying map is not of sufficient scope to show the 
Galena district, having been compiled from data taken in the 
School of Mines survey of the past summer, which had for its 
object the preliminary examination of only that country in- 
cluded in the so-called Northern connected district ; that being, 
udth respect to its superficial extent and its production in pre- 
cious metals, the region far excellence of the siliceous or Pots- 
dam ores. This district, moreover, by reason of its connected 
history and continuous production, furnishes the more com- 
plete knowledge of the characteristic Potsdam ores, and will 
form the basis for this paper, although the Galena district will 
be considered in its turn. 

The ETortheeit Connected District. 

Tofography . — ^With reference to the topography, I shall com- 
mence at Terry’s peak, which is one of the most prominent in the 
Black Hills, and is located in the immediate vicinity of what is 
now the most important part of the siliceous ore-region. This 
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peak rises 7215 feet above sea-level: to the northward, about 
5400 feet, is the town of Portland (on the Burlington & Mis- 
souri Piver railway), which is about 800 feet lower in elevation 
than Terry's peak; here rises Green mountain to an elevation of 
about 6540 feet. To the eastward, Green mountain slopes to the 
point (279 feet below the summit) of its junction with Bald 
mountain, from which the latter rises to about 6553 feet al)ove 
sea-level; it is 8700 feet east of the summit of Green moun- 
tain. The old town of Portland (on the Fremont, Elkhorn k 
Missouri \ alley P. P.) is about 1500 feet northwesterly from the 
summit of Green mountain. Something over 2.7 miles north- 
westerly from Terry's peak rises Elk mountain to about 6234 
feet above sea-level ; 5600 feet northwest of Elk mountain 
rises Pagged Top, to about 6108 feet. Two miles eastward of 
TeiTy's peak is Sugar Loaf hill, the altitude of which was not 
determined. To the eastward of a line, forming the meridian 
of Terry’s peak and Green mountain, rise a number of spring- 
creeks, flowing easterly and northerl}" into certain main creeks 
wdiich lead into the Belle Fourche river. Immediately south 
of Green mountain, on the northern slope of Terry, Nevada 
creek flows easterly, in the deep gulch of that name ; south of 
Nevada, on the east slope of Terry, rises Fantail creek, flowing, 
in Fantail gulch, eastward; still to the southward rise the 
heads of Wliitetail creek, which flows easterly, uniting with 
the waters from Nevada and Fantail gulches, and carrying 
them, northerly, into Whitewood creek and on to the Belle 
Fourche river. 

West of the Terry meridian rise many creeks and dry 
gulches, radiating in a general way from the Terry uplift, and, 
in a subordinate manner, from lesser elevations, such as Elk 
mountain and Ragged Top, and leading into Spearfish creek, 
whose waters empty, by way of Redwater creek, into the Belle 
Fourche river. Thus has been indicated a local northerly and 
southerly elevation, culminating near the meridian of Terry, 
and forming an eastern and western water-shed. Of the creeks 
named, Squaw creek, rising about one mile northwest of Green 
mountain, empties into Spearfish creek in a distance of about 
3.6 miles, and falls in that distance something like 1950 feet; 
the gorge of this creek is very deep and its sides are usually 
exceedingly precipitous. South of Squaw creek is Long Val- 
vuL. XXVII. — 28 
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lev ; it oatries very little water, and, for the greater part of its 
upper course, its slope is relatively slight, fetill to the south- 
ward, -Jackass creek (which carries no water) and Calaniity 
creek (in which is a spring-creek) unite in a precipitous canon 
and lea<l into Spearfish creek. Still to the southward. Holmes 
and Johnson gulches unite and load into bpearfish creek ; both 
of these are dry gulches; and an old wagon-road leads from 
Spearfish creek through Johnson’s gulch, forming the only 
practicable wagon-route (from the month of Squaw creek south 
along Spearfish creek to the mouth of Annie creek) for the 
connection of Spearfish valley with the Terry plateau. South 
of the last-named, McKinley creek leads into Spearfish creek, 
rising south of Elk mountain and carrying little water. South- 
east of the mouth of McKinley creek, Annie creek empties 
into Spearfish creek; this creek rises on the northern slope of 
Terry, and receives the water of Koss Spring creek, also the 
water of Lost Camp creek, which rises on the western slope of 
Terry. The lower portion of Annie creek, belotv the junction 
with*^Lost Camp creek, is confined within precipitous banks, 
forming near the mouth a very narrow canon. The other 
gulches to the southward (Sweet Betsy and Kaspherry) are 
dry, and lead into Spearfish creek. 

'‘Geology.— 1\\ considering the geology of the Northern Con- 
nected district, a preface, with relation to certain general geo- 
logical features of the Black Hills of South Dakota, is neces- 
sary. The general shape of the Black Hills uplift is that of an 
ellipse, whose major axis (some 80 miles in length) corresponds 
with the meridian of longitude 103° 45' JV., and whose minor 
axis (some 50 miles in length) corresponds with the parallel of 
latitude H. 44°. Roughly speaking, the eastern half of this 
ellipse is an area of Archean slates and schists, showing gran- 
itic exposures in its southern portion, and isolated peaks of pho- 
nolite, trachyte and quartz-porphyry in its northern portion. 
The western half of the ellipse is covered with limestone of 
Garboniferons age. Within the ellipse the limestone has a 
slight clip, while all around the margin of the ellipse it dips 
sharply away, forming an annular monocline or terrace. As 
already observed, the Paleozoic rocks are represented in the 
Black Hills by varying thicknesses of Upper Cambrian or 
Potsdam rocks and those of Carboniferous age, reaching a 
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maximum of 450 feet in tlie first case, and 785 feet in the sec- 
ond ; Mesozoic rocks overlie the Carhoniferous outside the mar- 
gin of the ellipse, gradually increasing in thickness as they be- 
come more remote. 

The geological history of the Black Hills may be summarized 
as follovrs : In Archean time, the Black Hills were already an 
island ; the sea eroded the Archean rocks, and formed the 
sediments now represented by the Potsdam, doubtless almost 
entirely covering the original island, the possible exception be- 
ing that of the Harney area in the southern hills. The next 
chapter in the stratigraphic history of the hills, wherein but an 
inconsiderable sedimentation of Silurian and Devonian rocks 
occurred, is supposed (1) to indicate a subsidence of the waters 
of the sea, whereby the Potsdam rocks became dry land, with 
no displacements nor deep-cutting erosion,’’ or (2) with especial 
reference to the fact of the universal conformability of the 
Potsdam and overlying Carboniferous rocks, to indicate a pro- 
found subsidence of the Black Hills area to abysmal depths, 
whereby, during Silurian and Devonian time, no (or but little) 
sedimentation occurred. The first theory above-mentioned 
continues the history by suggesting the rise of a new sea, de- 
positing the Carboniferous limestones and, becoming shallower 
in the latter part of the age, depositing many beds of sand- 
stones. According to the other theory, the sea-bottom was 
gradually raised, permitting the deposition of Carboniferous 
limestones, and later, as the sea-bottom came nearer the sur- 
face, of the sandstones. The change of level, through which 
occurred a gradual elevation in and east of the Bockies, was 
the result of orographic movements affecting the western mar- 
gin of the Paleozoic sea ; in this elevation the Black Hills par- 
ticipated, but its local elevation was subsequent. During the 
earlier Mesozoic age there is evidence that the Black Hills 
area could have been covered by but shallow seas, and that the 
final uplift occurred late in the Mesozoic age. 

The results of igneous phenomena in the Black Hills afford a 
study of exceeding interest, w^hich has yet received compara- 
tively little attention. The occurrence of dikes in the vicinity 
of the eruptive peaks seems to have been generally overlooked ; 
and little has been written concerning the character of the igne- 
ous rocks. The scope of this paper limits its consideration of 
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tlie igneous conditions to that of certain peaks within the 
limits of the accompanying map, and other igneous exposures 
ill the same area, though the subject is worthy of much more 
exte nded eonsiderati on. 

The peaks referred to are Terry’s peak, Green and Bald 
mountains. Sugar Loaf, Elk mountain and Bagged Top. Of 
these, Terry's peak and Sugar Loaf are laceolites, and the 
others (excepting Bald mountain and Ragged Top, which re- 
rpiire further study) are probably so. These peaks, together 
with others in the Black Hills of similar nature and rock con- 
stituents, haA^e been variously classed, with regard to the geo- 
logical period of their intrusion, as Jura-Triassic, post-Creta- 
ceous and Tertiary. It has been further declared that they are 
all due to one period of erupthm activity, and that no evidence 
of Amlcanic lava-flows exists. If the expression “ one period of 
eruptive actmty ” means one or epochs according to 

Dana's stratigraphic classification, the age of the igneous rocks'^ 
may be placed later than the White river beds of the Miocene 
Tertiary (pebbles of igneous rocks have also been found above 
the Dakota Cretaceous, near Rapid City). If the expression 
indicates a continuous period of eruptive activity, it is open to 
criticism, since there is evidence of at least two periods, as 
will be suggested later. With reference to igneous extrusives, 
I may he permitted to refer to a piece of obsidian taken from 
a mass forming what is known as McMillan’s peak, near 
Brownsville, Lawrence county. 

The apex of Terry’s peak consists of basic quartz-porphyry ; 
large deposits of talus of the same nature are distributed on its 
various slopes, with a few outcrops of rock in place to the 
northwestward, Litrusive sheets of the same rock occur, as 
shown in the following section of the Snowstorm mine-shaft, in 
Hevada gulch, about 3400 feet northerly from the apex of 
Terry, and about midway between that point and the apex of 
Green mountain. 

Feet, 


(1) PorpLjrj, 124 

(2) Shale, 10 

(3) Porphyry (?), 85 

(4) Shale, . .30 

(5) Porphyry, 4.5 


* H. Rewton, Geology and Besources of the Black Hills, p. 220. 
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Feet, 


(6) Shale 

(7) Porphyrv, 0.5 

(8) Lime Siiale^. 15 

\ 9 ) Sand Lock, 12 

(lOj Quartzite, 5 


This gives a total depth of 374 feet, of which 214 feet consists 
of igneous rock. Xo. 1, the only sample in the section which 
I have been able to examine, is unquestionably quartz-por- 
phyry. Of the other igneous rocks cut in the j-haft, Xo. 3 was 
called by the manager porphyry or trachyte, Xos. 5 and 7 
being called porphyry similar to Xo 1. Betv'een this shaft 
and Terry’s peak yet remain the upper beds of the Potsdam 
(above those cut in the shaft) to a thickness of possibly 275 
feet, thus indicating pronounced laecolitic conditions for Terry’s 
peak. 

In the Potsdam areas about Terry’s peak, vertical dikes of 
quartz-porphyry and rhyolite are frequently visible. On the 
western slope of Terry’s peak, in the valley at the junction of 
Annie and Pose Spring creek, a low, jutting outcrop of coarsely 
crystalline phonolite of bluish color is visible ; further down 
Annie creek, four distinct sheets of phonolite (apparently con- 
nected with the last-mentioned outcrop, though generally finer- 
grained) are intercalated with the Potsdam shales, and aggre- 
gate about 165 feet in thickness; an apparent dike of phonolite 
(similar to the first-mentioned variety) cuts through the hori- 
zontal Potsdam shales, near the point of junction of Annie with 
Lost Camp creek ; still further down Annie creek, not far above 
its junction with Spearfish, the sides of the precipitous gorge 
(about 100 feet deep) are composed of a fine-grained leucitophyre 
which, some 40 feet above, is again exposed in the railroad cut. 
On the northwestern slope of Terry, Foley’s flat is separated 
from Annie creek by a ridge terminating in Foley’s point ; on 
this ridge an outcrop of an exceedingly fetid quartz-porphyry 
was found. The summit of Green mountain shows a blocky 
outcrop of leucite-phonolite. Going down the eastern slope, to 
the valley separating Green from Bald mountain, various dikes 
of quartz-porphyry are seen, and icdus of the same rock can be 
traced up the slope of Bald mountain for a distance of some 
200 feet; here is visible a breccia of black slate (from the 
Archean underlying the Potsdam), quartz and porphyry, lying 
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in or near a quartz-porphvrT dike ; at the summit (about 100 
feet farther up) a beautiful, pale-greenish quartz-porphyry is 
exposed. On the eastern side, about 250 feet below the sum- 
mit, occurs an outcro^i of phoiiolite. Elk mountain consists of 
an outcrop of basic rpiartz-poiq'diyry similar to that of Terry, 
which stretches some distance in a westerly direction ; its sides 
show considerable kiJus. About midway between Elk moun- 
tain and Spearfish creek, on what is know^ii as Holmes s point, 
a thick sheet of leucite-phonolite covers a considerable area. 
On the eastern slope of Spearfish creek, nearly west of the 
last-named point, is another outcrop of leucite-phonolite. 
Ragged Top consists of a ragged ridge of trachytoid phonolite, 
stretching westerly. Along the ridge, east ot Long valley, 
proceeding to Squaw creek by way of the Redpath trail, vari- 
ous outcrops of the igneous rocks are encountered, among 
which are quartz-porphyry, trachyte, rnica-andesite, and phono- 
lite. In the bed of Squaw creek, below the Redpath trail, is 
seen a thick sheet of trachyte underlying a portion of the 
Potsdam. About oue-half mile further up this creek an out- 
crop of gTayish phonolite may be seen, which is unique in 
that it shows a most marked slaty structure. From this point 
up to the old Portland mill, on the east fork of Squaw creek, a 
continual recurrence of igneous rocks may be seen, including 
most of the varieties mentioned. Southeasterly from Terry’s 
p)eak, Sugar Loaf consists of a precipitous outcrop of trachytoid 
phonolite, from which a very thick sheet is seen in the bottom 
of White Tail gulch, underlying the upper workings of the 
Ross-Hannibal and other mines. At White Tail crossing, 
some distance easterly, quartz-porphyry dikes may be seen 
inter-bedded with the almost vertical Archean schists, between 
which occurs a dike of grayish-green phonolite ^ the quartz- 
porphyry contains fragments of the schist. 

So much for the more important igneous phenomena charac- 
terizing and surrounding the peaks mentioned. In the map 
attached to this paper it is almost impossible to show the igne- 
ous rocks clearly; small outcroiDS and loose float are of almost 
universal occurrence over the entire Potsdam area. It will be 
noticed that quartz-porphyry or rhyolite and phonolite seem to 
be the prevailing rocks, and that these occur in sheets and 
dikes, as well as forming the summits of peaks. While these 
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and other igneous rocks of this district may occur as the result 
of one long-continued period of intermittent igneous activity, 
there -would seem to be sufficient difference between extreme 
members of this rock-series (with regard to tlieir acidity, as 
affecting their fusibility) to indicate the i^robability of tlie ex- 
istence of wide intervals of time between their ejections. Thus 
we have rhyolite with from 7o to 82 per cent, of silica, (piartz- 
porphyry with from 69 to 81 per cent., tiTichyte with from 55 
to 62 per cent., phonolite with from 50 to 62 jier cent., and 
leucitophyre with from 45 to 54 per cent. The relations of the 
dikes mentioned as existing at "White Tail crossing may also 
he of moment in this consideration ; and an additional proof 
is found at Bryant^s mine, on the wmst slope of Scpiaw creek, 
where mica-andesite sheets are intercalated with horizontal 
layers of the Potsdam, and the whole is cut hy vertical dikes 
of an igneous rock which is apparently trachyte, and vrliich 
carries notable values in gold and silver, in the form of sylvan- 
ite, of which bright crystals are distinctly visible. 

Entering this district along White Tail creek and proceed- 
ing westAvard, the valley consists of Archean rock ; so also do 
the eastern extremities of the various outliers from Terry; but 
near the top of these outliers, the lower members of the Pots- 
dam are seen outcropping across them, and dipping at a small 
angle toward Terry, or westward. Some distance further west 
the gulches are crossed hy the Potsdam outcrops. Proceeding 
toward Terry, along the ridge between Jfevada and Eantail 
gulches, to about the altitude of the town of Portland, the 
whole Potsdam series is crossed, showing the various quartz- 
ites, sandstones and shales, heavily stained with iron and ent 
by quartz-porphyry dikes. To the north, Archean rocks en- 
circle the base of Bald and Green mountains, and the Potsdam 
(greatly cut by igneous rock) forms the surface as far north as 
Squaw creek. This Potsdam area (continually cut hy dikes 
and intercalated with sheets of igneous rocks) extends west- 
ward to Eedpath creek, thence its western limit follo^vs the 
ridge east of Long valley toward TJ. S. Location Monument No. 
60, from here running south to Annie creek, then along the 
eastern bank of Annie creek and along Lost Camp creek to a 
point about 2000 feet south of Terry’s peak. "Westward of this 
boundary line the Potsdam is covered with Carboniferous lime- 
stone (extending to Spearfish creek and beyond), and is only 
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visible in tbe various gulches leading into Spearfish creek and 
along the bed of that creek. To the northv'ard of Squaw 
ci’eek the country is again covered with Carboniferous lime- 
stone. 

From the top of the Potsduni, on the ridge near the town ot 
Portland, the Potsdam rocks are seen to dip westerly at an 
ano-le of about 12°, and further westward the conformable 
Carboniferous rocks have a similar dip. The extreme thick- 
ness of the Potsdam rocks of this district is about 450 feet; 
the Carboniferous limestone, first showing in a thin stratum 
along the western edge of the Potsdam, reaches a thickness at 
Spearfish creek of 450 feet or more, and, in the northern areas, 
a much greater thickness. Southeast of Terry, the phonolite 
flow from Sugar Loaf is widely extended and of great thick- 
ness. 

Of the peaks mentioned, Terry and Elk mountain are out- 
crops of quartz-porphyry which have visibly cut through the 
Carboniferous and are at least younger than the rocks of that 
age; Elk mountain lies in a direction hT. 55° IF. from Terry s 
peak. Sugar Loaf, Green mountain and Ragged Top are out- 
crops of phonolite, of which the latter has visibly cut through 
the Carboniferous limestone and tilted it to a high angle on 
its western slope. These peaks lie in a general direction of 
jST. 58° W. A line drawn through the quartz-porphyry peaks 
mentioned above shoivs a sort of parallelism to one drawn 
through the phonolite peaks, a fact which may have some sig- 
nificance. Raid mountain shows on its summit quartz-por- 
phyry and, a short distance below, phonolite. 

A noteworthy fact concerning these peaks, with the possible 
exception of Sug’ar Loaf and Ragged Top, is that in each ease 
the tilting and disturbance of the sedimentary beds through 
which they have risen is remar]^ably local. All around Terry 
the upper portion, of the Potsdam can be traced, and the same 
condition is observable at JBald and Green mountains, while, 
but a short distance away from either peak, the sedimentary 
rocks preserve their usual dips. Local faulting is prevalent 
and co-existent with most of the dike -phenomena, but is rarely 
excessive or noteworthy in amount. 

Character, Occurrence and Origin of the Ores . — With regard to 
the character of the ores of this district, for convenience, then, 
two classes will be made, as follows : 
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(1) Gold Ores : {a) in the Potsdam, 

{h) in the Carboniferous. 

(2) Silver Ores : {d) in the Potsdam, 

(5j in the Carboniferous. 


(la). The gold-ores of the Potsdam constitute a group of rel- 
atively much greater importance than all of the other siliceous 
ores together. 'While some deposits (such as that of tlie Divi- 
dend mine on Green mountain) yield pay-ore of a gouge-like 
decomposed character, in general the ores may be described as 
thoroughly reorganized sandstones, showing under the micro- 
scope many druses lined with innumerable quartz crystals, and 
containing ealcite and fluorite. Of these ores, those which 
have not suffered oxidation frequently show considerable fine- 
grained pyrite and are locally called “ blue ’’ ores ; the oxidized 
ores, though frequently showing only a small iron-content, are 
usually heavily stained with iron, and are called ‘‘ red ’’ ores. 
Both kinds are usually exceedingly tough and difficult to break 
or pulverize. Analyses'^ of typical samples yielded the follow- 


ing results : 

Heel Ore. 


Silica, .... 
Alumina, 

3^''emc oxide, 

Calcium oxide, 

Magnesium oxide, 

Sulphur trioxide, . 
Tellurium, 8.425 oz. per ton. 
Gold, 0.5-4 ‘‘ 

Silver, 2.875 


Per cent. 
84.45 
4.07 
7.28 
O.So 
0.25 
3.71 


Total, . 


100.61 


Blue Ore. 


Silica, 

Alumina, .... 
Iron, ..... 
Sulphur, .... 
Gyp&uin, .... 
Fluorite, .... 
Phosphorus pent oxide. 
Tellurium, 4.03 oz. per ton. 
Gold, 0.325 ‘‘ 

Silver, 10.55 “ 


Total, 


Per cent. 
58.748 
3.072 
13.289 
11.728 
0.833 
0.784 
0.842 


. 99.296 


These may be considered as low-grade ores, and it is inter- 
esting to note that the analysis of the red ore might be almost 

^ See “The Occurrence and Behavior of Tellurium in Gold-Ores,'’ Tmns., 


xxvi., 485. 
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duplicated by tliat of tlie blue ore after oxidation, during wMcdi 
the latter might be expected to lose iron and sulphur. 

Taking averages of the tellurium, gold and silver found in 
the analysis of nine different samples of Potsdam ore, six being 
red and three being blue/’ the following percentages were 


obtained : 

Telkirium, 
Gold, . 
Silver, . 


Per cent 

. 5IL97 


. 7.6i 

. 32.39 


Total, 


100.00 


According to Dr. Carpenter, silica in these ores averages 
about 78 per cent. Copper is usually found in but traces; an- 
alysis of a sample of precijiitated gold from one of the chlorina- 
tion-mills yiekled copper to the amount of 10 per cent, of the 
total gold found. In the ores of Ruby basin the last-mentioned 
authority states that the copper and gold have been observed to 
occur in about equal amounts. Arsenic and antimony have 
been reported, but I have never been able to identify them. 

The occurrence of these ores in this district is as eccentric 
and as widespread as is the igneous action; with respect to a 
section of the Potsdam formation the ores may be said, to exist 
wherever mineralizing solutions permeated susceptible beds. 
In general, there are said to be two ore-bearing horizons or 

contacts ’’ (the upper existing relatively nearer the upper layer 
of the formation, and the lower found in the bottom cjuartzite) ; 
but at the Welcome mine, at the head of Pantail gulch, there 
are more than two, which may, however, he the result of local 
faulting. The ores of the lower contact are said to carry a 
greater proportion of gold to silver than those of the upper ; 
but this is doubtful, if applied generally. 

In considering the origin of these ores, the mineralization is 
niidoubteclly referable to the igneous action which is so strongly 
marked in their vicinity. Throughout the district quartz-por- 
phyry and rhyolite dikes are of universal occurrence, but seem 
to reach the surface less frequently in that part of the district 
w^hieh is covered hj" any considerable thickness of limestone. In 
fact, certain dikes have been observed to cease before reaching 
the upper horizon of the Potsdam, Wherever mineralization of 
the Potsdam beds has occurred, it can almost always be traced 
to a quartz-porjpliyry or rhyolite dike or vertical,” which itself 
is usually mineralized, stained with oxide of iron, and so much 
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broken and decomposed, that its rock-character is distinguish- 
able with difficulty. In the immediate vieinitT of this dike 
may exist another, consisting of the same igneous rock, but in 
a fresh, unbroken condition, and showing no evidence of having 
assisted in the phenomena of mineralization. The fact that one 
Cjuartz-porphyry or rhyolite should, under similar conditions, 
be in every way as refractory as another, leads to the conclu- 
sion (1), that secondary disturbances have caused a selective 
shattering of certain dikes in preference to others (thus afford- 
ing channels lor the upw^ai'd flow of mineralizing solutions), or, 
(2), that there has been a recurrence of dike-injections, coeval 
with which has occurred the necessary shattering of form(‘r 
dikes. That the mineralization is referable to secondary igneous 
action, whereby the lime-cement of the grains of certain Pots- 
dam rocks has been replaced by siliceous paste carrying pyrite, 
sylvanite, a very small amount of copper, and rarely uranium 
minerals, is indicated by the character of the above minerals, 
and by the intimate relation of the ore-chutes to the igneous 
dikes, whereby the former are limited in length by the length 
of the shattered dike, in thickness by the thickness of the sus- 
ceptible bed, and in width by the volume and strength of the 
mineralizing solutions. Much fluorite is also frequently found 
in these ores. 

(16). During the past year gold-ores have been found in the 
Carboniferous limestone ; more particularly in the Dacy and 
neighboring mines, a short distance north of Sagged Top and 
west of the towns of Balmoral and Preston. Over the greater 
portion of the limestone area west, northwest and northerly 
from Terry’s peak, the limestone is seen to be highly silicified 
in places, and frequently reddened with oxide of iron, and most 
of the croppings will at least give traces of gold upon assay. 
In the vicinity of the Dacy mine, gold was first discovered in 
boulders and pebbles, usually of a reddish color and resembling 
in most respects the ordinary siliceous ores of the Potsdam ; 
further exploration developed wedge-like lenses of similar ores, 
frequently rich in gold and tightly encased in the limestone, 
together wdth loose boulders of the material. These deposits 
were at first supposed to pinch out within a few feet of the sur- 
face, but recent deeper working has laroved that they can be 
traced deep into (if not quite through) the limestone, though in 
places they thin down to a mere streak. The upper workings 
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of the Dacy mine have yielded some ore which differed consid- 
erably in appearance from any of the siliceous ores hitherto 
found, being of the color and general appearance of the ordinai’y 
buff' limestone, but evidently highly siliceous, and showing 
manv small angular cavities. An analysis ot a sample of this 
ore gave the following' result : 

Per cent 

Moisture, .... 

Volatile matter, . 

^Silica 

Alumina, . 

Ferrous oxide, 

Calcium oxide, ^ . 

Magnesium oxide, 

Tellurium, 29.26 oz. per ton. 

Gold, 17M “ 

Silver, 1.21 


Total, 


0.802 

90.990 

2.970 

3.024 

1.138 

trace 


Combining tlie gold, silver and telltirium in the above analj- 
sis, we find them existing in the following relative percentages : 


Tellurium, 
Gold, . 
Silver, . 


Per cent. 
. 61.20 
. 36.27 
. 2.53 


Total, . 


. 100.00 


This closely approximates the composition of sylvaiiite, ac- 
cording to Klaproth’s analysis. 

Ill the Dacy shaft, which is now at a depth of about 385 feet 
and is evidently nearly through the limestone, the crevice or 
fissure through which mineralization has occurred may be seen. 
Ill lolaees it is still open, with no filling; again, it is filled with 
a breccia of silicified limestone fragments, cemented by crystal- 
line calcite; wherever the walls are visible may be seen emi- 
nent siliceous incrustations rounding oif the angular points 
of the fractured limestone. Irregularly scattered through 
the limestone are many bluish translucent flinty nodules 
of varying sizes ; these, in some eases, are said to be rich in 
gold, though I have not yet found a sample which yielded over 
|12 ill gold per ton upon assay. At another working upon the 
Dacy ground it has been found advisable to screen the ore 
coarsely as it comes to the surface. In this way a fine material, 
consisting largely of carbonate of lime, and carrying small value 
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in gold, 1“^ separated from the coarser and liighly siliceous ma- 
terial which is '^hipped to the rednetioii-works. 

In the light of the present develojmi eiit of the Dacy mine it 
is impossihle to determine the shape of the ore-hody at any con- 
siderable depth below the surface or to ofier further description 
of it. It is, however, safe to say that the mineralized portion 
of the deposit ir, genetically connected with the fissure already 
described. 

Many other workings of smaller extent surround the Dacy 
property, none of them showing differing conditions from those 
of the Dacy mine, as far as their development has progressed. 
Some miles to the northward, however, near the top of the high 
limestone cliff overlooking Spearfish creek, certain deposits occur 
in the limestone which resemble mineral ogically and in their 
horizontal position the siliceous ores of the Potsdam; these 
deposits are known to carry some gold, and late workings are 
reported to have developed pay-ore. 

The origin of the gold-ores of the Carboniferous seems to be 
undoubtedly traceable to the phenomena which caused the 
mineralization of the Potsdam ; but, as I have previously said, 
in the limestone areas the igneous dikes are much less strongly 
in evidence. Eecently my attention was called to an igneous 
dike, cutting the limestone in the mine-workings of Mr. John 
Doyle. The rock was much decomposed and carried slate in- 
clusions. 

(2ciy As already observed, the ores of the upper contacts in 
the Potsdam are said to carry a relatively higher percentage of 
silver than those of the lower. This is occasionally true; and, 
in certain localities, the ores of the upper contact are of such 
a nature as to be typical silver-ores, such as the first ores mined 
in the Empire and Trojan mines on Green mountain, and a 
certain class of ores from the Eoss-Hannibal mine, one sample 
of which was of a dark bluish color, showing crystals of tor- 
bernite and assaying 255.08 ounces of silver and 0.44 ounce 
of gold per ton. The Ross-Hannibal workings are located not 
far from the plionolitic Sugar Loaf and are underlain by a thick 
plionolite sheet. 

(2b). In the mine-workings on Elk mountain (which is a 
quartz-porphyry uplift piercing the Carboniferous) silver-ores 
occur, one sample assaying 17.16 ounces of silver and 0.24 
ounce of gold per ton. Away to the northward, in the Car- 
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boiiate camp, in tlie Carboniferous limestone at the Iron Hill 
mine, a heavily iron-stained siliceous rock carries ores of silver; 
lead-ores are also present. Some samples of these silver-ores 
show large amounts of eerargyrite. In this mine a vertical 
porphyry dike is reported,-" while between the Carboniferous 
and the Potsdam, as seen in the bed of Cold creek, is a hori- 
zontal sheet of the same rock, and the underlying Potsdam 
rocks are mineralized with gold. 

The origin of these dej)Osits of silver-ores is probably inti- 
mately connected with that of the gold-ores; in amount the 
silver-ores are relatively of very little importance, the mines 
producing them having not been lately worked to any great 
extent (except the Eoss-Hannibal, wdiich is producing gold-ores) 
and relatively little is known about them. 

The foregoing observations with regard to the character and 
a^jpearance of these ores would indicate the possibility of some 
such history as the following : First occurred a period during 
which the intrusion of Terry’s peak and Elk mountain took 
place, with widespread dike- and flow^-aetion of quartz-porphyry 
and rhyolite. During or immediately subsequent to this highly 
acid igneous action, little if anj' mineralization occurred. After 
an indeterminate period (during w^hich lavas of varying fusi- 
bility may have been erupted, some notable fracturing of for- 
mer dikes may have occurred, and also some mineralization) 
occurred the most basic eruption of phonolites (represented at 
Sugar Loaf, Grreen Mountain and Ragged Top and in numerous 
sheets) x^rodiiciiig the final fracturing of former dikes, also frac- 
turing the limestone (as at the Dacy mine, where the limestone 
seems too remote from Elk mountain to owe to that uplift its 
fractured condition) and causing the efflux of mineral-bearing 
waters which ascended through fractured dikes and metamor- 
phosed portions of the Potsdam beds and, ascending in the 
limestone fissures, performed for the magnesian limestone the 
same function. 

History , — The history of the Potsdam ores commences in 
1877 when Mr. A. J. Smith, of Portland, South Dakota, located 
the Empire mine on Green mountain and later the Ti'ojan, 
Perseverance and Indispensable in the same vicinity. In 1879 
the first engine was erected to supply power for the treatment 


* Br. Carpenter, Beport Dak. School of MmeSj p. 126. 
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of these ores ; with it an arrastra was run upon ores from the 
Empire mine averaging about S35 per ton. The saving in pre- 
cious rnetaL was little or nothing, and the attempt was discon- 
tinued after about two months. In 1880 the Portland Mining 
Compaiiv, owning the Portland, Gustavus and PilgTim mining 
claims, built a mill (which still sfands idle near the old town of 
Portland) for the treatment of these ores by pan-amalgamation ; 
later, this company purchased the Empire, Trojan, Indispen- 
sable, Perseverance, Folger and Olive claims. Pan-amalgama- 
tion saved about 50 per cent, of the silver and 30 per cent, of the 
gold, and various other processes, such as free-milling,'' kiln- 
roasting and chlorination, and cyanide lixiviatioii were tried 
without success. In 1883 the AVelcome Mining Company passed 
through a similar history of unfortunate metallurgical experi- 
ment upon their property near the head of Fantail gulch. In 
1886 the Buxton mill was built by the Buxton Mining Com- 
pany, and experiments made there by Mr. 0. P. Ankeny, by 
the use of bromine, seemed to have stopped just short of suc- 
cess, probably on account of disadvantages wliich, at the present 
date, would not surround the experiment. About this time the 
siliceous ores were successfully treated by the Plattiier process 
in the metallurgical department of the School of Mines. In 1889 
the Golden Eeward Gold Mining Company erected a plant in 
Deadwood for the treatment of the Potsdam ores by barrel- 
chlorination, commencing in April, 1891, with a capacity of 50 
tons per day. In 1890 the Deadwood and Delaware Smelting 
Company built the small experimental smelting-plant in Dead- 
wood which has since grown so largely. Two years later, or in 
1892, a small cyanide-plant was erected in Deadwood by the 
Black Hills Gold and Extraction Company; and in November, 
1895, the Kilclonan Milling Company started cblorination-works 
at Pluma, South Dakota (a short distance from Deadwood), with 
a capacity of about 75 tons per day. 

During the time from the first disastrous attempts at the 
treatment of the Potsdam ores until more skillful experiment 
had firmly established the Deadwood and Delaware and the 
Golden Eeward plants, although considerable amounts of ore 
were shipped outside of the Black Hills for treatment, the fact 
that ores of less value than about $80 per ton could not he 
mined and shipped with any i)rofit, together with a superstitious 
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feeling that there was something uncanny about these ores 
and that they could not be treated successfully, prevented an 
active development of the Potsdam ore-bodies. Only within 
the last three years have the old conditions been changed , and 
miners can now generally obtain a profit from ores carrying 
$15 per ton. hfaturally the earlier mines in the Potsdam ore- 
bodies were located where the Potsdam rocks were easiest of 
attack, in the vicinity of Green and Bald mountains and to the 
east of Terry’s peak hi ITevada, Fantail and -VYliitctail gulches. 
In these localities the three large companies which handle the 
Potsdam ores (the Deadwood and Delaware, Golden Reward 
and Horseshoe) own and operate a large number of very valu- 
able mines, and smaller companies and individual owners hold 
the remainder. Mining is not expensive; a large amount ot it 
being carried on by' means of tunnels, and the shafts being of 
relatively small depth. Little timbering is necessary, but water, 
in some cases, causes some annoymnce; the ores are usually’ 
very hard and tough ; and the eccentricity of the oro-clintes, 
with local faulting, "^add to the expense of dead-work. The fol- 
lowing section, from a drill-hole on Silver Reef claim, about oiu‘- 
mile northeasterly from Teny’s peak, will show the character 
of the Potsdam rocks : 

Khyolite, ,* 

Hard and soft lime shales, * 

Same as above, . . 

Dark mud shales ; split readily on exposure, 

Hard pudding” lime shales, 

Hard lime shales, • 

Alternate bands of hard lime shales and green lime 

shales, also traces of bine ore, 

Hard blue clay shales, . ^ 

Ghuiconitic shales with pyrite, 

Blue clay shales and ‘‘pudding” lime sliales, 

Hard “pudding” lime shales. 8 inches of hard bluo- 
bhick limestone, and 5 inches of hard “pudding” 

shales, . 

Uniform yellow clay. True cap of lower ore, 

Potsdam sandstone ; red and yellow on top. True ore- 

bearing rock, 

Brilliant red gouge, 

True quartzite, 

Sand rock, 

Cemented sand and quartz pebbles, .... 

Arch can slates, 

ill7 

Metallurcpj of the Potsdam Ores. — Although many youra ago 
the fii’e-assay of the Potsdam ores showed that they^ contained 
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gold and silver in notable quantities, it seems to be the fact 
that until very lately no suflS.cieiitly comprehensive chemical 
analj^ses were ever made to determine in what condition the 
precious metals existed. As already remarked, pyrite occurs 
plentifully in some of the blue ores ; and doubtless that mine- 
ral was supposed to render them refractory, or, from the fact 
that only in very rare cases and by the closest examination can 
any free gold be detected, it may have been supposed that the 
gold existed in piarticles too minute to be saved by ordinarj^ 
procevsses. Screen-analyses show that the precious metals ar^ 
distributed throughout the ores with great uniformity, and 
chemical analyses of a large number of samples show that they 
are associated with tellurium. In addition to the early lack of 
metallurgical knowledge it would seem that too profuse litiga- 
tion as well as the clashing of personal interests finally termi- 
nated the history of some of the early metallurgical plants, 
even after they had op)erated profitably, and greatly retarded 
the mining and metallurgical development of the Black Hills. 
ISTamiiig them in the order of their initiation, chlorination, 
matte-smelting and cyanide lixiviation have (operating almost 
exclusively upon Potsdam ores) developed into remarkable in- 
dustries in the Black Hills, particularly the first two. Chlori- 
nation, as exemplified at the Grolden Reward and Kildonan 
mills, is carried on in the following manner : The ore is first 
put through rock-breakers, from which it passes to a drier; 
from the drier it passes to fine crushers, and thence to a series 
of crushing-rolls, where it is crushed to 8- or 12-mesh. It is 
next roasted in Howell-White continuous-discharge cylinders 
in the case of red ores, or in Bruckner cylinders in the case of 
blue ores. After roasting, the product is spread on cooling- 
floors, from which it is elevated to bins to he discharged by 
hoppers into the chlorination-barrels. The barrels are of iron, 
lead-lined, and have a capacity of about five tons. About four 
tons of ore are charged along with about twelve pounds of 
bleaching powder and from eighteen to ftventy pounds of sul- 
phuric acid per ton ; the barrels are slowdy revolved for about 
one and one-half hours, water being admitted under pressure 
after chlorination is complete, and leaching the chlorinated ore 
through a filter contained in the barrel. The gold-bearing so- 
.lution is treated with hydro-sulphuric acid gas, in some cases 
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after a preliminary treatment witli sulphurons acid to reduoo 
chlorine. In this treatment gold, along with various amounts 
of other metals, is precipitated; the solution is filtered through 
filter-presses ; the collected sulphides are dried, roashal in 
muffles and smelted to bullion. Any silver Qpntained in the 
ore chlorinated is, of course, lost, and a discidmiiuition is 
usually made with reference to the ores treated by this process, 
whereby all ores carrying over three ounces of silver per ton 
are reserved for other treatment. At the Golden Keward mill 
a cyanide-plant has been added for the treatment of this edass 
of ores, making use of similar revolving barrels to those used 
in chlorination. At the same mill additional roasting-caipachy 
has been secured by the erection of a Brown Horseshoe roast- 
ing-furnace, which is said to give great satisfaction. The 
Golden Ileward mill has a maximum capacity of about 1 oO tons 
per clay of red ores, or about 100 tons per day oi* l)hn‘ ores. 
The blue ores are roasted in Bruckner cylinders, while the red 
ores are in part treated in the Brown roaster, whieh lias a 
capacity of 65 tons in’ 24 hours. The Kildonan mill has a 
capacity of about 100 tons per day, crushing to about S-imssh. 
Neither mill treats any custom-ores, but eacli operates (‘X<da- 
sivcly upon the product of its own mines. 

While the efBciency of these mills is evidently salishudory 
to their owners, their saving in precious metals is not so good 
as might be desired or as will be obtained in the ^ut^lrt^ Finer 
crushing would undoubtedly insure a bettor extraction, !)Ut. 
would also add to the expousc as well as interfere with filtra- 
tion. It is to be supposed that those operating tlu‘se mills 
have experimented along various possible lines with a vimv to 
secure the most economic method for the treatmmit of (lu‘se 
ores, both with respect to a bettor saving of gold and iliv sav- 
ing of at least a part of the silver; it is also to b(‘ suppostal 
that, with the present arrangement of tlK‘ iH'speidivi* plants, 
they are producing relatively good results. The (Joldmi Ri‘- 
ward has trebled its initial cajiacity, while that of the Kildonan 
has been nearly doubled during its existenc'e of about om‘ y<‘ar. 

From various points of view the Deadwood and Dilaware 
Smelting Works constitutes the most important metallurgical 
industry in the Black Hills, and its existence is of a speiaul value 
from the fact that it furnishes the only local tnarket for Ihds- 
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clam ores. Commencing in a comparatively small v^ay, in its 
life of about seven years it has developed a daily capacity of 
about 400 tons, of which about 180 tons are Potsdam ores. 
The process, as developed by Dr. Carpenter, is one of matte- 
concentration, whei’ein the blast-furnaces are charged with the 
following burden : 

Tons, 


►Siliceous ore, 180 

Copper-ore, 60 

Pyrite, 100 

Limestone, ]80 


This mixture is smelted with from 10 to 12 per cent, by 
weight of eastern coke or about 16 per cent, of Newcastle 
coke. Slags carrying 10 to 20 cents per ton in gold, 0.2 to 0.4 
ounce of silver per ton and traces only of copper, are sepa- 
rated in the fore-hearth, and a matte is formed carrying all of 
the gold and 90 per cent, of the silver, as calculated from the 
assay of the ores charged, and constituting about 5 per cent, 
by Aveight of the original charge. The magnesian limestone 
is obtained from the Carboniferous outcrop, but a short dis- 
tance from the smelter, at a cost of 50 cents per ton ; the pyrite 
is obtained in the form of concentrates from the TIomestake 
mine ; copper-ores are brought from Montana and are added 
according to the supply, the charge containing from 2 to 10 
per cent, of copper, with a probable average of about 5 per 
cent. 

Matte-smelting, under the special form used in the plant just 
mentioned, indicates a great advance in metallurgical progress ; 
as compared Avith the other processes mentioned, the saving of 
the precious metals by this process is much better. Compared 
with lead-smelting, for which either lead or copper must be 
brought in from beyond the hills, its efficiency is much greater, 
OAving to the highly siliceous charges possible. In lead-smelting 
slags are calculated haAung an extreme upper limit in silica of 
about 37 per cent., Avhile at the Deadwood and Delaware works 
the ordinary slag carries about 52 per cent, of silica. The 
charge for treatment of Potsdam ores at these works is |10 per 
ton, allowing 95 per cent, of the gold and paying for 90 per 
cent, of the silver over one ounce per ton. 

The figures given above, indicating a daily treatment of 520 
tons of material, represent the capacity of three blast-furnaces. 
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Tlie plant consists of five, of wMch three are continnoiisly in 
blast. There are also two reverberatory furnaces for the pre- 
liminary treatment or slag-roasting of fine ores and concen- 
trates. 

The cyanide-j)rocess is represented in the Black Hills by the 
plant of the Black Hills Gold and Extraction Company at 
Beadwood, which has a capacity of about 30 tons per day, hut 
which has not been constantly in operation. In tbis plant, which 
seems to be rather badly arranged, only red or oxidized Potsdam 
ores are treated, being fed to the crushers along with sufficient 
lime to counteract the acidity; thence the ore goes to the drier, 
then through another crasher and three sets of rolls, with the 
intention of crashing to 30-mesh. The crashed ore is leached 
ill tanks in the ordinary manner, the tailings being removed hj 
hand and reserved for future treatment The gold is precipi- 
tated from the solution by zinc-shavings, and the handling of 
the precipitate does not differ from the usual practice. 

Present Oui])ut . — The tonnage of Potsdam ores treated is 
being constantly increased and the area in which these ores arc 
mined is ever extending. The recent diseovoi\y of pay-ore at 
Ragged Top has caused a tyj)iea] mining boom,” and will re- 
sult in the development of a section of country in wliieh, Iwve- 
tofore, little has been done in the way of mining. Tlie sincd- 
ter, with a view both to the treatment of ihe ]UT)<luet oi‘ its 
own mines and to increased custom work, is continually enlarg- 
ing its capacity; and this is also true, to a lesser d<‘gr(‘c‘, of tlie 
chlorination-mills. The following may be considered a (con- 
servative estimate of the tonnage of Potsdam ores treated 
during the year 1896 : 


Tons, 

B. (& D. Smelting Co., 65,700 

Golden Reward Co. (Chlorination), ..... 39, 000 
Rildonan Milling Co* (Clilorination), .... 3t>,()00 

Black Hills G. &E. Co. (Cyanide), ..... 6,500 

Shipped outside, about, ....... 4,800 


Total, 152,000 


111 the consideration of the Horthem coniuujtcd distihd, but 
little mention IiUkS been made of the more or less diseo.niuaded 
ai'eas of Potsdam ores in the neighborhood of Lc^ad (bty itud 
Deadwood,yet there are many valuable produedng mines among 





THE POTSDAM GOLD-ORES OP THE BLACK HILLS. 427 

tliGHi, ciiid large tracts are yet undeveloped; tlie ores are simi- 
lar to those already described. 

The Galena District. 

Fifteen years ago the town of Galena, situated some twelve 
miles southeasterly from Deadwood, could be called a lively 
and productive camp; the Davy smelting works was in opera- 
tion upon ores from the Sitting Bull mine, and the yield is 
reported as little short of $750,000. A quartz mill was in 
operation and another smelting-Avorks was erected, when sud- 
denly all work stopped; and little has been done, except in the 
way of prospecting, until during the past year. The smelting- 
works has been remodelled and put in blast; the stamp-mill 
has also boon put in running order, and various other prepara- 
tions arc reported, indicating renewed activity in this interest- 
ing camp. Tlio principal producing mines are located in and 
near the town of Galena, where the Potsdam rocks are cut 
tliTougli to the underlying Archean; the ores carry silver and 
lead, and are found replacing calcareous shale-beds, and in 
seams and pockets in the quartzite which is itself, in places, 
highly (‘hargod with pyritc. Igneous dikes everywhere cut 
the sedimentary rocks, and the mineralization is evidently con- 
nected wnth their presence. The district, together \Yith a large 
area a-d joining, has not received its proper share of attention 
ami study; there is little doubt, however, that this will follow 
the lal-e evidences of a renewal of business activity. 

In (ionchisiom, reference should bo made to another class of 
ores which may be as truly called Potsdam ores as those already 
described ; tljese are the conglomerates, which are found every- 
where l)etwceu the base of the Potsdam and the Archean, and 
wdiicdi, occasionally, carry valuable amounts of gold. In cer- 
tain phu.*CB, notably in the vicinity of the Homestake outcrop 
in Jjawroucc county and at Eockerville, Pennington county, 
these conglomerates have been worked for years. They are, 
however, simply placer-deposits, in which the gold is largely 
free, and arc of secondary importance to the typical Potsdam 
ores, both iti value and amount. 

I take pleasure in expressing my gi-atitude to Dr. F. E. Car- 
penter for valuable information upon various points concerning 
the Potsdam ores and for kindly criticism of my work through- 
out this paper. 
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Postscript. 

Since the first publication of the above paper, the writer has 
been informed by Director Charles D. Walcott, of the IT. S. 
Geological Survey, that the Cambrian rocks of the Black Hills 
belong to the middle^ not the tipper^ series : hence the name 
Potsdam has been wrongly used. 


Notes on the Tin-Deposits of Mexico. 

BY WALTER RENTON INGALLS , NEW YORK CITY. 

(Lake Supeiior Meeting, July, 1897.) 

In addition to the localities in which tin-ores have been found 
in Mexico, mentioned in my paper on the Tin-De])osits of 
Durango,” presented to the Institute in March, 1895,* the ibl- 
lowing should be recorded. I am indebted to Captain ITenry 
Freeman, of Durango, for the notes as to these occmrreuees. 

In the Sierra de la Candela, ^vest of the Sierra de Sail Fran- 
cisco and El Promontorio (the Llano do Guaiimape iutervmiing 
between the two ranges), cassiterito is ibiuid in veins ami 
stream-beds. The veins arc iiariwv, and the ores have the 
same characteristics as those of Potrillos. They were exploitiMl 
by miners from Coneto in 1882-8G, the more extiumive work 
having been done on the northern side oi‘ the mountains. 

In the Sierra de las Palonias, on the western edgc^ of ilu^ 
Otinapa ranch, about 25 miles W.JST.W. from the Diablo mim^ 
ill the Cacaria district, there are several small veins, of which 
the ore, gangue and country-rock arc similar to thos(‘ of' 11 k\ 
Corro de los Remedies, near the city of Durango. Tlu‘ lattm* 
are essentially the same as the Potrillos veins. 

In the Cerritos del Olote, in the Muri)hy grant, about. 59 
miles W.S.W. from Durango, there arc old mincss, now par- 
tially filled. The veins are narrow and poor; the ore is highly 
ferruginous; the coiintTy-rock is rliyolite, with some granitic; 
immense cpiaiitities of chalcedomc rubbish are strewn along 
the course of the veins. 

In the Cerro Blanco, overlooking the pueblo of Me;^<iuital, 
48 miles south of Durango, tin-ore is mined by the natives. 


* Trans,, xxv., 140, 
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The mountains are of an eruptive character, rising 3000 feet 
above the valley of Mezcpiital, and sloping eastward and south- 
eastward to join the Sierra de Miehis. The formation is gran- 
ite and trachyte. Tin-ore is found in ill-defined veins in the 
decomposed trachyte. The veins are narrow (from 18 to 26 
inches wide), hut the ore is rich and free from arsenic and anti- 
mony, and is smelted easily in the Mexican adobe furnaces. 
The veins are worked in a desultory manner, between January 
and June, by the Indians of Mezc|uital, who refine the product 
with the aid of resin (brm) and the green branches of the red 
oak, and sell it to the store-keepers of the pueblo at 20 cents 
(silver) per pound, in “ trade.” 

At Guanajuatillo, a series of ridges in the Sierra de Miehis, , 
about 40 miles S.E. of Cerro Blanco, and 85 miles S.S.E. from 
Durango, there are several strong veins, in places 10 to 14 feet 
wide, of very ferruginous tin-ore. Captain Ereeman says that 
he smelted 1300 pounds of this ore and obtained 13.1 per cent 
of fairly clean, merchantable tin ; but owing to the situation of 
the mines, the experiment was unprofitable. 

lu the Cordon de la Sierra de Saerificio, 68 miles east of 
Durango, and 28 miles east of Uonibre de Dios, on the main 
road to Zacatecas, stream- and vein-deposits were worked by 
(/ambiicmos, premous to 1881. The stream-tin was dressed to 
50-56 per cent SnO„ and the lode-tin to 30-37 per cent The 
lode-tin is contaminated with iron, arsenic, and wolfram 
minerals. 

In my former paper I referred to an analysis of metal from 
Canitas, Zacatecas, which probably came from Sain Alto in the 
same state, Canitas being the nearest railway point The lo- 
calities uow mentioned by no means complete the list of tin- 
occurrences in Mexico. It is found at various places in Cuaua- 
juato, whence small lots of metal are from time to time brought 
into the towns by natives. Aside from the native smelting, 
the total of which is insignificant, there is no production of tin 
in Mexico at the present time. So far as information can he 
obtained, all the occurrences of tin-ore in the Eepublic are in 
young, highly acid igneous rocks. 
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A Combination Retort and Reverberatory Furnace. 

BY COURTENAY BE KALB, NEW YORK CITY. 

(Lake Superior Meeting, July, 1S97 ) 

The accompanying illustrations, Figs. 1 to 6, from plans 
drawn by Mr. T. L. Knapp, a student in the Missouri School 
of Mines, show a type of furnace designed by the writer, whic-h 
possesses some peculiarities intended to meet the necessities oi 
laboratory-instruction in that institution. The object aimed at 
was the construction of a simple, inexpensive furnace, suitable 
for the distillation of zinc from its ores, and using only a single 
retort. This limitation imposed the chief ditiienlty, owing to 
the necessity of obtaining a high degree of heat concentra- 
ted upon the retort. This is accomplished liy the peculiar 
curve of the arch, which consists of arcs of seven distim't 
ellipses, one focus of each of which lies within the arcai 0 (‘cu])ie<l 
by the retort. Thus the reflected heat would neec-ssnrily hi^ 
thrown -mainly where most needed, namely, on the retort. 
Conservation of heat is provided for by a return-flue t lii'ough 
the hollow arch, and by a sand bottom under the lire-hriek 
hearth. Four openings lead hack from the lahf)ratory, or 
heating-chamber in this instance, to the arch-flue ; and threu; 
openings lead from the arch-flue to a largo horizonfal Hms from 
which a down-take conducts the gases to the slack. I’ln' iirt‘- 
hox, it will he observed, is deep, thus prodiming miudi tk) 
during the combustion of the coal. The further eotuhuslion 
of this CO may bo accomplished by the admission of air 
through the hollow fire-bridge, thus producing a higher (laine- 
temperature surrounding the retort. 

Provision is also made for removing the retort, and the por- 
tion of the wall supporting it and the condenser, leaving a high 
arch, into which a door-frame may he inserted ; the space 
above being temporarily bricked in. By this alteration, which 
may he quickly and ca.sily made, the furnace may he converted 
into a reverberatory, suitable for treating small charges smdi as 
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Fig. 1. 



Section I J, Fig. 2. 


Fig. 2. 
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id Projections of Petort, Grale, Fire-Door, Horizontal Fine, 
?s to Arch-Flue. 
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Fig. 6. 
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can be conveniently managed in laboratory-instruction. The 
combination of the deep fire-box with the hollow fire-bridge 
permits a very delicate adjustment of oxidizing or reducing 
conditions, as well as regulation of temperature. It is accord- 
ingly adapted for a wide range of metallurgical operations. 
Its cost, complete, is about |375, with hearth 36 by 29 inches, 
fire-box 14 by 36 inches, taking a 9J-inch retort. 


Biographical Notice of George W. Goetz. 

BY NELSON P. HULST, MILWAUKEE, WIS. 

(Chicago Meeting, February, 1897.) 

To those ^vho have had the happy privilege of friendship 
with George W. Goetz, the anuouneement of his death has 
brought great sadness. 

He was horn in Milwaukee, Wisconsin, Fcbrnary 17, ISrio, 
and died January 15, 1897. In his boyhood days, Avhen T first 
came to know him, his frank, trustful manner; his eyes brim- 
ming with truthfulness; his eagerness, never obinrsivo, to gain 
knowledge from all whom he met; and Ms equal readiness to 
give without ostentation of his store, constituted a ])ersonality 
which at once commanded confidence and won iriendsln[). 

I am told that as a scholar of five years ho was eouspieuous 
for brightness, a show-pupil, who was called on to recite rvlien 
visitors were present at school. Yet this iu no way s[)oile(l 
him. His modesty was too strong a trait in his eharacter to he 
overcome by any attention which might he cx’pected to arotise 
vanity. In his simple-hoartedness he was pleased tlu'u, as he 
always was iu his maturer years, to give of liis knowh'dge for 
the gratification of his listeners, with never a thought, of liiin- 
self. So strong was this charactei’istic that in a brief aiitohi- 
ography, in the form of a letter to his wife and children, found 
among his papers, he excuses himself to them for recounting 
what he had accomplished in his life-work. As a jirefaee t.o 
this autobiography (which, it seems, was prepared on the evt; 
of a sudden journey to California, taken February, 1895, I'or 
his health) he says : “ I am writing this rather hastily, and I 
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hope that you will not consider my remarks as vain, for my 
tendency has always been to rather favor modesty and strive 
for the ideals of life.'^ 

At the age of ten he went to the Engleman private school, 
where he frequently attended lectures on science, accompanied 
by experiments. These, as he says in his autobiography, inter- 
ested him extremely. About this time his mother gave him a 
small room for his collections of stamps, coins, mineral curiosi- 
ties, chemical solutions, and an electro-magnetic machine. His 
interest had been awakened by the scientific lectures at school, 
and thereafter he began to experiment by himself. 

He continued at the Engleman school for about three years, 
but on account of its expense he had to return to the public 
schools, lie remained in the high school but a year, and from 
thence went to the Hnivensity of Wisconsin. Again the ex- 
penses of his schooling compelled a change, which took him, 
in 1870, into ofiice-work as telegraph operator for the Mil- 
waukee Iron Co. in its city office. Here he had much leisure 
time, which he devoted assiduously to studies, especially of sci- 
entific subjects. 

It was at this period of his life that my acquaintance with 
him began. I had just taken charge of the chemical labora- 
tory at the Milwaukee Iron Co.’s mills. To this he was a fre- 
quent and most welcome visitor. He was then studying with 
much diligence and the greatest zest Draper’s Chemistry^ Ganot’s 
Physics and Tyndall’s books. The subject of electricity pos- 
sessed intense interest for him. He wrote several articles for 
the local papers on duplex telegraphy, gave a lecture also on 
electricity in one of the city churches, and built a telegraph- 
line, nearly 2 miles in length, to the house of friends, and a 
private line for one of the tanneries. The latter line, crossing 
a river, required an automatic contact-breaker and closer at the 
swing-bridge. For the Milwaukee water-works he devised an 
electrical instrument wdiieh would indicate at the pumping- 
station the height of the water in the distant reservoir. 

But his chief interest was centered in the different depart- 
ments of the rolling-mills. The blast-furnaces, the puddling- 
mills, the merchant-bar mills, with Siemens’ regenerative fur- 
naces, were all-ahsorhing delights to him. 

It was this environment which enkindled in him a longing 
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for a tliorougli technical education along the lines of iron- and 
steel-manufacture. 

In 1876, at the time when Dr. Hermann Wedding came to 
visit the iron-works of Milwaukee, Mr. Goetz was still in the 
employ of the comxiany. It having fallen to my lot to show 
Dr. Wedding about the plant, my young friend asked that he 
might be introduced to the Doctor in order to make inquiries 
about the school of mines in Berlin, which he desired so much 
to enter. I shall ever remember with vivid pleasure the pic- 
ture of the ingenuous, eager boy and the gracious veteran 
whose heart was so quickly touched with sympathetic interest 
by the boy’s earnest questioning. 

In the fall of 1876 he started joyously for Berlin. ITis own 
story tells best of his preparation for Berlin University, and 
of his student-life at this period. I quote from his autobio- 
graphical sketch : 

‘‘I liad taken mathematical lessons evenings ; and to pay for these lessons I 
gave lessons in telegraphy and short -hand. With |750 I started for (u‘nnany. 
I arrived in Berlin the latter part of October, 1876, rented a small rotnti, and 
began my studies. I was all alone, and the change from an olliee-lile to (pilot 
student-life was so great. In view of the fact that the most of iny knowhulge was 
from self-instmctioii, and consequently in many directions lacking and ineomplet(‘, 
I could not follow the lectures. This worried me very much. I took an in- 
structor, and by Easter next I was able to follow the lectures. I was so glad, that 
I celebrated by going to a Wagner Opera 1 

“I worked late nearly every evening, and when summer vacation came Pr. 
Wedding kindly invited me to visit him at his summer residence in the Hartz 
mountains. The fresh mountain-air, the beautiful forests and roadways, made a, 
two weeks’ sojourn there very pleasant and benehcial to my health.” 

His summer vacations were for the most part respites from 
tlie class-room or laboratory only. They were s[)eiit> in visits 
to numerous metallurgical cstablisbments. In these visits he 
made the most painstaking study of the various pro(H‘ss<‘s of 
manufacture at the ditferent works, for only a thorough knowl- 
edge of anything he investigated ever satisfied him. 

Of his last year at Berlin he has written : 

‘‘I worked very hard during this year. My dissertation on the nh'oduciion 
and Consumption of Heat in the Blast-Furnace ’ was marked ‘ Very (irood.’ I wnn 
examined in thirteen or fourteen branches, and got as predicate HVitli Honor’ 
on eight. Got congratulations from professors. The strain was so great, though, 
that I was ill for two weeks after that.” 

Early in 1881 Mr. Goetz was engaged by the Otis Steel Go* 
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as eliemist, introducing at its plant technical gas-analysis to 
control the producer-gas for the furnaces. The following year 
he was promoted to the charge of the open-hearth department 
night-shift. In 1882, in company with Mr. Otis, he made a 
trip abroad, visiting England, Erance, Austria and Germany. 
At Creusot, France, a study was made of mechanical puddlers, 
and on the return of the party to Cleveland, Mr. S. T. 
Wellman, the superintendent, gave Mr. Goetz charge of the 
mechanical-puddling department which, as the result of this 
visit, was established at the Otis Steel Co.^s works. 

His pioneer work in the basic-steel manufacture in the 
United States is worthy to be recorded in our Transactions^ and 
I therefore quote again from his autobiography : 

liad great confidence in the basic process, and was anxious to go to Europe 
and study it. During rny student-days in Europe I had made the acquaintance of 
Thomas, the inventor of the basic process. He seemed to take much interest in 
me, and I could have had a position with him in England. Before I left for the 
United States I spent nearly two months in Ploerde, Westphalia, to study the 
basic process. At that time Alexander Holley and Thomas were there. 

“Mr. S T. Wellman seeing also the importance of the new process, he and I 
started for Europe in 1885. Studied the process at Hennabaut, France j also 
made a general trip to the works in Europe, including Sweden. On our return 
the process was tried, and I had charge of the experiments. The experiments 
turned out successfully, and I can therefore claim the successful introduction of 
the basic open-hearth process in the United States — the first open-heaith heat. It 
was kept secret by the company that they had made basic steel. Over one hundred 
and sixty heats were made. I can claim to be the first one who tried and made 
the basic process a success in the United States. I spent very much time on the 
subject ; wrote many reports on it 


In 1886 lie went back to Berlin to marry Miss Elsie Lne- 
deeke, whom lie had met at the home of liis devoted friend, 
Ur. Hermann Wedding. 

He continued his connection with the Otis Steel Co. until 
1888, when he received a commission from Mr. George West- 
inghouse to visit Europe for the purpose of making a report on 
gas and fuel and all improvements and economies relating 
thereto, to be followed up on his return by experiments in 
Pittsburgh on the possibility of producing a cheap and effi- 
cient fuel-gas for distribution. 

This Investigation took him to Sweden, England, France, 
Austria and Germany. He had charge of all the experiments 
made at Pittsburgh, which were conducted to the best advan- 

VOL XXVII. — 30 



440 


BIOGBAPHICAL liTOTICE OE GBOEGE W. GOETZ. 


tage, by reason of liis extensive investigations abroad. Of his 
work at that time he says : 

The anxiety and difficulty necessarily connected Avitli experiments on so large 
a scale were very telling on my health. Had to write and study evenings a good 
deal. As soon as I had demonstrated what could and what could not be done, 
we stopped all experiments.’’ 

In VoL xviii. of the Transactions he has given in Ifotes on 
Fuel Gas some of the many facts which his investigations for 
Mr. "Westinghouse brought out. 

In 1890 he removed to Milwaukee, having made a business 
connection with Mr. Ferdinand Schlesinger, who had become 
a large mine-operator m the Lake Superior region. The new 
duties proving distasteful to him, he resigned his office the 
following year. Mr. Goetz visited Europe during this year 
with commissions to make certain scientific investigations. 

On his return to America he was appointed consulting met- 
allurgist to the Illinois Steel Co., the ‘Westinghousc Co., and 
the Wellman Iron and Steel Co. Having become cstal)li.shod 
as a consulting engineer, he provided himself witJi a very com- 
plete chemical and electrical laboratory, in which ho could un- 
dertake experimental work involving the treatment of large 
samples, and the most elaborate investigations. lu 1894 he 
was again commissioned by Mr. Westinghouso to visit Europe, 
this time in company with Mr. S. T. Wellman, for the purpose 
of scientific investigations. This trip of three mouths was for 
the most part a weary one for Mr. Goetz. With all his enthu- 
siasm for studying new processes, aiul with all his keen (height 
in the acquisition of knowdedge, bo was conliimally oppressed 
and disheartened by a languor wdiicli his strong wall laaihl not 
resist. Immediately on his return homo he consulted a Chi<‘ago 
specialist, and learned that his malady wnis mortal. With 
brutal frankness this physician told him that' aj. the l)i‘st. he 
could live but a few" mouths. The shock completely j>roslrated 
him, swept him like a wrecked mariner into tlie dei>tbH of <le- 
spair. Through it all, the sublime, unfaltering eourag<‘. of las 
wife cheered and sustained him. The infection of luw bravery 
Avon liim back to hope, and with it came gradually r(d:urnitig 
strength in sliglit degree. A rigid diet and <*Jia,nge ot* sur- 
roundings, by a Ausit to California, further benefited him. lie 
returned to Mihvaukec in the summer of 1895, resuming then, 
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in a moderate Avay, some of liis duties to his several clients. 
He also busied himself, so far as strength and time permitted, 
in elaborating a chemical method, devised by him in 1894, for 
extracting copper from the tailings of stamp-mills, as well as 
from ores. That he might escape the inconvenience of a slight 
physical disability, he submitted on Monday, January 11th, to 
a simple surgical operation. Until Thursday following he 
seemed to be rapidly recovering from it, but on that day his 
old malady in its most acute form set in, and on Friday noon 
he passed quietly away. 

In this record of his busy life one sees how tireless he was 
in his studies, for he was ever thus engaged. He was just as 
unsparing of himself in his service to others. It was alwaj-s 
his very best that he gave. Being scrupulously conscientious, 
and succeeding so well in the tasks given him, he invariably 
won the confidence of his employers and of his associates. Al- 
though he was overburdened with regular duties in his business 
engagements, he yet found time to devise some eighteen patents, 
nearly all of which were in the domain of metallurgy. The 
friends of Mr. Goetz, familiar with the work he had accom- 
plished, can but mourn that he was stricken down so early, be- 
fore he had reached the prime of life. With an experience so 
full, with a mind so active, so well-trained in habits of investi- 
gation, there was ample reason for hope that he would continue, 
as he had begun, to do notable work in his chosen lines. In 
1892 he was elected one of the managers of our Institute, and 
he also served actively and efficiently as one of its committee- 
men in connection with the memorable International Chicago 
meeting at the time of the Columbian Exposition. His exten- 
sive acquaintance among foreign metallurgists made his services 
on this occasion especially valuable. Strangers were quickly 
drawn to him, for the childlike simplicity of the man disarmed 
whatever of reserve they might have. It was easy to perceive 
that his ideals were lofty, so transparent was his nature, and 
his ideals were not indulged in as dreams, but wrought out in 
his daily life — a life of great sweetness and purity. 

Postscript. 

S. T. Wellman, Cleveland, 0. : I can add but little to what 
Dr. Hulst has said about our dear friend, George W. Goetz. 
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His Mstory of Mr. Goetz, up to the time of his coming to 
Cleveland, agrees in many details with what he himself told 
me during our long aequaintaiiee, which commenced in 1881, 
when be came to visit the Otis Steel Woi’ks with Mr. J. J. 
Hagerman. As soon as I met him, I was at once attracted and 
impressed by his earnest enthusiasm and his evident thorough 
knowledge of chemistry and metallurgy. Although we had 
no vacancy in the works, I engaged him at once, and made a 
place for him. He soon became very valuable to the company. 
He started in at the laboratory. His work was thorough and 
conscientious, and could be relied upon at all times. He n as 
always enthusiastic, especially when any metallurgical problem 
came up. From the laboratory he was given charge of one 
shift in the open-hearth department, part of the time being on 
night duty. The w^ork which he accomplished in this position 
was very satisfactory to me, and the steel turned out was par- 
ticularly uniform. As mentioned by Hr. Hulst, Mr. Goetz 
visited Europie with Mr. Otis in 1882, and on their return the 
building of a mechanical-puddling department was started. 
Two furnaces, each capable of puddling 3000 pounds in one 
charge, were built, and the plant was given iii charge of Mj“. 
Goetz. His work in this department was eharaotorized by Ins 
usual enthusiasm and energy, Ho one who lias not been 
through such an experience can form any idea of what the 
starting of such a plant means to the one in charge. Hew 
men had to he broken in, and now problems had to be faced 
every day. In this plant the iron to ho puddled was moltt‘d in 
a 15-ton open-hearth furnace. The funiaco was charged until 
it was filled. The melted iron was then raised to stcH'l-imdtiug 
heat. Then the problem was to draw of safely 3000 poiiinls at 
a time into small ladles. It could not he tajiped out in the 
ordinary way, because it is impossible to atop of a stream ol' 
iron safely which has behind it a head of melted iron, in some 
cases of nearly 2 feet. After many mishaps and luird work, 
the problem was solved by Mr, Goetz liy a series of ta])ping- 
hole bricks placed close together, one above the otluu-. The 
first iron was drawn out of the ujipcr hole and so on, each hole 
being opened in succession, until the furnace was emptied. I’lio 
plan worked very successfully, and was ])ateuted by Mr. Goetz. 
He had charge of the mechanical puddlors as long ns tliey were 
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operated. This was until the advent of the Bell-Krupp j)ro- 
cess, which made it possible for the Otis Company to buy 
washed metal as cheap, or cheaper, than they could make pud- 
dled blooms. 

Dr. Hulst has spoken of Mr. Goetz’s pioneer work in making 
open-hearth basic steel. He always had the greatest faith in 
the future of the process; and when the Otis Company, after 
the visit of Mr. Goetz and myself to Europe in 1885, concluded 
to allow us to try the experiment, he went at the work with his 
usual enthusiasm. The experimental furnace was started in 
January, 1886, and run until April of the same year. Much 
to Mr. Goetz’s regret and disappointment, the experiments were 
then discontinued, the company’s reason for which was that 
the demand for their product was so heavy that they could not 
spare the furnace for further experiments. This was undoubt- 
edly a great mistake, and was so viewed by Mr. Goetz and my- 
self. He severed his connection with the Otis Steel Co. in 1888. 
I advised him to take the step, as I believed it would open up 
a wider and more remunerative field for him. The wisdom of 
the change was soon seen, as it was only a short time before 
his income was doubled. His work, and the reputation which 
he obtained after establishing his laboratory in Milwaukee in 
1890, soon became world-wnde, and he was believed by all of 
his friends to be one of the best, if not the best, all-round 
metallurgist in the United States. 

I knew him probably as well as any one, outside of his own 
family, and I know he would sooner have cut otf his hand than 
sign his name to any paper that was not true in every detail. 

Hever shall I forget the last trip we took together. It was 
made to Europe, in the interest of the Philad’elphia Company 
of Pittsburgh, Pa. Throughout all this journey, as Dr. Hulst 
says, he w^as continually oppressed by a languor which he could 
not resist, and which neither of us could understand. If ^we 
had only known then what the trouble was, I doubt not that 
he would be alive to-day. But it was not to be. He was a 
noble fellow, honest as pure gold, and his life was a good ex- 
ample of what can be done by a naturally bright, energetic 
boy, who, although poor, is bound to have knowledge, and who, 
in spite of all obstacles, succeeds. Mr. Goetz was naturally a 
student and a born investigator. Pie possessed a wonderful 
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memory, and was a good talker on any subject in wliich he was 
interested. This made ^ him most delightful company. He 
leaves a noble young wife, whose courage and cheerfulness had 
much to do with prolonging his life for the last two years. 
His three bright, beautiful children, two boys and one little 
girl, promise to grow to be all that their • father could have 
wished. He was a loyal friend to me through many hard 
trials and troubles, and I never expect to see his like again. 


Biographical Notice of Peter Ritter von Tunner. 

BY R, W. RAYMOND, NEW YORK CITY. 

(Lake Superior Meeting, July, ISO?.-’') 

The death of the eldest of the honorary members of the In- 
stitute was not unexpected. Eitter von Tunner had never re- 
covered from the eflects of a paralytic stroke received in 
1892, and when the same enemy struck again in Fe])ruary of 
this year the blow was plainly mortal. He passed away June 
9th, gently and without pain. Thus ends a career of great dis- 
tinction and fruitfulness, crowned with fame and love. This 
pioneer of the age of iron and steel had lived so long and 
wrought so much that the present generation could scarcely 
recall the whole category of his services. There e.au he no 
more appropriate use of the pages of these Tninaadions than 
to honor them with a record of such a life and work, for the 
inspiration of other lives to other labors. 

Peter Tunner was born May 10, 1809, near I’egguu, in 
8tyria.f In the same province, his grandl’ather, Josed’ Tiuuuu’, 
had purchased a primitive nail-forge and enlarged it to a ham 


* Ritter von Tunner died June 9, 1897, and the news of Iub death rea<‘he<l llu» 
country too late to permit the preparation of this notice for actual pimuitatioii 
at the Lake Superior meeting of the Institute. But it is appropriately included 
among the papers of that meeting. 

t For the material of this notice, I am indebted to a sympathetic an<l coinpro- 
hensive obituary article by FI Ileyrowsky, which appeared in an extra supple- 
ment to No. 7 of the Verdminittheilmgen of the Oeiiterreichmhe Zeiischriff Jilr 
u)id Euttenwmnj of this year. 
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nier-works. His father, Peter Tiiiiiier, was in 1809 owner of a 
blast-furnace as well as of the inherited hammer- works. The 
boy became, consequently, familiar with the manufacture of 
both pig- and wrought-iron, even before he had completed his 
primary education in school. In his twelfth year he entered 
the high school at Graz, from which he was graduated with 
honors two years later. Meanwhile his father had been 
obliged, by reason of the lack of ores, to abandon his own 
blast-furnace, and had taken, in 1823, the position of mine- and 
furnace-manager for Prince Schwarzenberg, at Turrach, Styria, 
where the son joined him after graduation, and worked under 
him, partly at the blast-furnace in Turrach, partly at other iron- 
and steel-works of Prince Schwarzenberg, acquiring a thorough 
and manual acquaintance with all the processes then and there 
in use. So completely did he master the theory and technique 
of the business that, four years later, in the eighteenth year of 
his age, he was engaged by the Brothers von Eosthorn, a firm 
of iron-manufacturers in Carinthia, to reconstruct and mod- 
ernize their whole system of metallurgical operations. Well 
satisfied with the results of this experiment, they rewarded the 
young ironmaster by providing him with free board and lodg- 
ing in Vienna, and thus enabling him to gratify his cherished 
desire for a course of study at the Polytechnic Institute in that 
city. Here, as everywdiere and alw^ays, his ability and zeal won 
hearty recognition. Besides taking with honor the regular 
course at the Institute, he studied, outside of it, mineralogy 
and geognOwSy under Eiepl and mineralogy under Mohs. The 
position of an assistant in the Polytechnic Institute was offered 
to him, but declined. So was an official position in the pud- 
dling-works at Witkowitz — the first of the kind in Austria. 
He preferred, in accordance with his father’s wish, to return to 
Styria, and to his former work at Turrach. But his activity in 
this position was interrupted by a serious illness, after which he 
employed the period of a slow convalescence in arranging an 
extensive mineral cabinet belonging to one of his former gen- 
erous patrons, Pranz von Eosthorn. 

At the end of 1831, being not yet twenty-three years old, he 
took charge of a neglected iron-works at Mauterndorf, in the 
Salzburg district, which he very rapidly restored to an eftective 
activity, and in 1832 he became manager of the newly-built 
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haimneT-AVOxks of Prince Schwarzenberg at Eatscli, iieax 
Murau, Styria. The three years which he passed here he was 
accustomed to recall as among the happiest of his life. The 
young master was adored by his workmen, and, aided by their 
loyal service, soon, made the establishment famous, so that 
crowds of young men (including graduates from Sclienmitz, 
then the only Austrian mining academy) trooped to Ivatsch for 
the benefit of practice under such a guide. Thither came also, 
in 1834, the Archduke John (beloved patron of Styria), beg- 
ging Tunner to accept a professorship of mining and metal- 
lurgy which was to he created in the Polytechnic Institute ot 
Graz. This ofirer, extended to a youth of twenty four, reflected 
credit upon the merit of him wdio received, and the discrimi- 
nating insight of him who made it. The Archduke was not 
even discouraged hy Tuniier’s declination, upon the ground 
that he had never looked forward to a professorship, and had 
not studied sufficiently all the hraiichos which it would repre- 
sent. Very likely this modest hesitation betrayed a regrAfnl 
ambition. At all events, it was finally arranged that Tuiiner 
should receive the professorship and witli it a furlough of two 
years, and an allowance of 10,000 florins, for travel and study 
in the principal mining and metallurgical centers of Europe. 
In March, 1835, the decree appointing him was issued. Ft was 
determined, however, that the new mining svliool sliould he 
established, not at Graz, but at Yordernberg, then the cmiter 
of the Styrian iron iudusti’y. 

Prof. Tunner’s travels during tlic next tAVO or three ymii'H 
wore extended through all parts of Austria and into Nortli iuid 
South Germany, Sweden, England, Bcotland and [franee. lie 
spent some months at Freiberg, in Sa.xony, Avliere he took les- 
sons from PI attnor in blowpipe-assaying, and been, me intimately 
acquainted Avith the group of great teacliors then gatlierc'd at 
the Freiboi’g Bergakadeniie, sucli as 'Weisbach, Keieh, Ker.stmi 
and Gaetzschmann. At Berlin ho Avoi'ked in analytic clunuis- 
try under Heinrich Rose and MitHchorlich, and in ininerulogy 
and geognosy under Guafeiv Rose and Deohon. In London jie 
entered the laboratory and liourd the lectures of Fannlay; in 
Falun he was a puinl of Sofstrdm. EveryAvlu're lu; took notes 
and collected 8i)ocimon8, especially of ores and fm'na<;e-i)roduets. 

Upon his return from this laborious and useful tour, he liniud 
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that the buildings for the new school were far from ready; and 
for a year or more he made Vienna his headquarters, busying 
himself with the arrangement and enlargement of his own 
gathered experiences, and especially with the earnest endeavor 
to introduce into Austrian iron and steel practice the improve- 
ments which he had observed in other countries. For this 
purpose he visited many iron-works and published several im- 
portant papers. The first, a brochure on The ITse of Heated 
Blast in Iron Metallurgy/'’ was followed by larger treatises on 
The Present State of the Puddling Process and its Eelation to 
the Hearth-Eefining Process of Inner Austria,’’ “ Contribution 
to the More Accurate Knowledge of the Chemical Composi- 
tion of Eefinery Slags,” Rolls as Substitutes for Hammers;” 
and “ Contributions to the Investigation of Possible and Suita- 
ble Improvements in the Austrian Hearth-Eefining Process.” 
In 1839 he spent some time at the Schemnitz mining academy 
and among the mines of Hungary, and visited also the iron- 
works of Austrian Italy. 

At last, the preparations at Vordernberg being complete, 
Tunner began his work there, opening the new school Novem- 
ber 4, 1840. The entire faculty of instruction consisted of this 
one man, then 31 years old, but already well-known for com- 
prehensive knowledge and practical skill. For eight years he 
gave instruction, one year in mining and the next year in met- 
allui'gy, so that each course was given four times. Besides the 
general scientific exposition of principles (with special refer- 
ence to coal-mining and iron metallurgy) the practical training 
of the students was provided for. The daily programme was 
one and a half to two hours of lecture in the forenoon, followed 
by the completion of notes and drawings by the student, and in 
the afternoon, a colloquial discussion of the same subject, or 
(once or twice a week) excursions to neighboring mines and 
works, of which the students were expected to make written 
reports. Every Saturday the teacher read and corrected these 
reports. After the course of lectures, the mining students 
spent two or three -weeks in mine-surveying and mapping, and 
four or five weeks in manual practice of the mines. The met- 
allurgical students had a corresponding course of five or six 
weeks in an iron-refinery built for this purpose by the govern- 
ment {LehrfriscliliuUe), or at neighboring iron-works. All this 



448 BIO&BAPHICAL NOTIOE OF PETER RITTER VON TENNER. 


was done under the direct personal supervision of Prof. Tunner, 
assisted only by unpaid volunteers among the mining captains 
and furnace-foremen. 

The lectures and practical courses occupied the school-year 
from hTovember 1st to the end of J une. Then began the grand 
tour of about five weeks, among more distant mines or works. 
This was a continuous study under the eye of the teacher. 
Written reports were made of it by the students, corrected by 
him, and included among the data determining the final stand- 
ing of each upon graduation. Thus a single tireless and en- 
thusiastic pioneer devised and executed a plan of combined 
theoretical and practical training which the great modern 
schools have done little more than imitate. The graduates of 
Vordernberg were eagerly sought by mine- and furnace-owners ; 
and their rapid promotion and successful performance ot pro- 
fessional duties increased in turn the reputation of the school 
and its head. 

As already observed. Prof. Tanner carried on, alone, this 
amazing and admirable work for eight years, that is, until the 
end of the scbool-year 1847-8. In 1848 the revolutionary 
condition of Hungary necessitated the closing of the mining 
academy at Schemnitz. The greater part of the stmhmts 
migrated to Vordernberg, and the government transferred a 
professor of mining also, so that the two courses could bo 
given simultaneously. At the same time, the school, which 
had been only a provincial one up to that date, became a “ pro- 
visional Royal Imperial ” one. But the accommodation ol' the 
numerous additional students and the extension ol' oducalioual 
work proved a difficult matter in the little mountain villagi^ ; 
and the school was moved to better quarters in Lc'oben, wdiero 
it opened November 1, 1849, as a permanent (no longer “ pro- 
visional ”) Royal Imperial Mining School, having a profesKor at 
the head of each of the two courses, assistant insiructors, and 
Tunner as director of the whole. It has remained at Leoben 
ever since. In 1861 it acquired the well-deserved raide of a 
“Mining Academy.” Throughout its splendid history, this 
institution has borne the impress and has been inHj)in'd by the 
enthusiasm of its great founder. For many years, though 
relieved from the exhausting detailed duties of instruction 
which he had discharged at first, he continued to deliver the 
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lectures and conduct the practice on the metallurgy of iron and 
steel, attracting a crowd of students from all countries. In 1866, 
under the pressure of the military disasters and consequent finan- 
cial difiiculties of that year, the Austrian government reduced 
the courses at Leoben, temporarily crippling the institution. 
In 1871 the lost ground was recovered; but in the meantime, 
Tunner had withdrawn from the lectureship on iron and steel, 
and had become the representative of the town of Leoben, first 
in the Provincial and afterwards in the Imperial Parliament. 
In this capacity he had opportunity to do valiant service for 
his beloved school, wdiich was in danger of being transferred 
to Vienna. His earnest protests and arguments were success- 
ful; and in 1874 the question was definitely settled, and the 
academy w^as left at Leoben. Somewhat earlier in the same 
year Tunner was formally retired upon pension, at his own 
request — an event which wms celebrated in November, 1874, 
by the so-called Tunner-Feier^ a gathering of representatives of 
the Imperial and Provincial governments, technical faculties 
and industrial corporations, but chiefly of the former pupils of 
the distinguished master, who had for thirty-four years so 
brilliantly administered the institution of his own creation. A 
portrait-medallion, struck in honor of the occasion, was pre- 
sented to him, together with a loving-cup. It was in accepting 
these tokens that the venerable Hestor of mining and metal- 
lurgy said : When, some day, my last hour shall come, I 

know not whether my thoughts will be more of my family or 
of my academy and my pupils.” 

But this ceremonial retirement was the beginning of more 
than twmnty active and fruitful years. Indeed, Tunner’s release 
from the duties of administration left him free for the wider 
usefulness for which his ripe experience had qualified him. 
Pie followed with tireless interest all new developments, par- 
ticularly in the metallurgy of iron and steel, and promoted 
mightily the adoption of useful improvements by his country- 
men. While director at Leoben, he had taken a foremost part 
in the introduction of the hot blast, and the manufacture of 
cement-steel, cast-steel, and springs. But he chiefly distin- 
guished himself by his intelligent and ardent advocacy of the 
Bessemer process, even in the day when its practical value 
seemed problematical to many high authorities. The early 
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Bessomer plants at Turrach and Heft owed tlieir origin to Tuii- 
ner’s urgent recommendation and were inaugurated under his 
personal supervision. Those of Graz, Houberg, Ternitz and 
Zeltweg, which rapidly followed, made Austria a home of the 
new art, and pilgrim-students from other countries sought the 
Austrian Alps to study the practice there exemplified. 

It is in fact difficult to say in which of the two spheres of his 
activity — that of the thorough and inspiring instructor, or that 
of the traveler, observer, critic and professional adviser — Tun- 
ner’s work was more remarkable or more productive of lasting 
benefits to his country and his profession. Certainly he could not 
have given forth so much, either of knowledge or of influence, 
if he had not continually refilled his own mind by assiduous 
study and observation. It goes without saying that he was a 
regular visitor at international expositions, and that his visits 
bore fruit in valuable reports. Usually he was either a juror 
or a commissioner from his government. The exposition at 
Munich (1845), London (1851), Paris (1855, 1807 and 1878), St. 
Petersburg (1870), Pbiladelpbia (1876) and Dusseldorf (1880), 
all received the benefit of his co-operation and jjresoinu*, and 
enriched in turn bis contributions to tcelinical litevatnre. In 
1857 he made a second journey in Sweden, and puhlislicd, a 
year later, a book on Swedish iron-metallurgy. His work 
on the iron and steel manufacture of the Unitcil States (1877) 
is classic, though it has boon, like other classics, Ic'l't be- 
hind by the rapid advance of the art it duiiicts. His book 
on Russia’s Mining Industry was the result of his visit, at the 
invitation of the Russian Govorument, to the St. Ihdcu'shurg 
exposition. 

In the iutrodnetion (1880) of the Martin open-hearth ]iroccss 
into Austria, the veteran took an active part, personally di- 
recting, in that year, the works atPonawitz near Lcobiui wlu're 
his son Ludwig, with his aid and eounsol, snhseipu'utly con- 
ducted the basic open-hearth. 

After the death of his wife, in 1881, his health appeart'd to 
he more or less broken. In 1887 he was brought near to death 
by an inflammation of the lungs, from which lie slowly r(HU)V- 
cred. In 1890 he was able to take piu’t witii vigor aiid enthusiasm 
in the semi-oeiitennial celebration of the Looben Academy, 
which was attended by 800 of his former pupils, and naturally 
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enough became practically an ovation to the venerable master. 
By a bappy coincidence, tbe international sessions connected 
witb tbe Fifty-Seventb Meeting of tbe American Institute of 
Mining Engineers (of wbicb Tunner bad been elected in 1873 
an honorary member) were in progress at tbe same time in 
Pittsburgh, Pa., and by tbe unanimous vote of tbe representa- 
tives of this Institute, tbe Iron and Steel Institute, tbe Verein 
Deutscher Eisenhiltienleute^ and other technical societies there 
assembled, a telegram was sent to Leoben, conveying cordial 
greetings and congratulations to the institution and to its 
founder.* 

For more than a year longer, Tunner continued bis literary 
activity. As late as February, 1892, be wrote me a letter, a 
translation of wbicb I incorporated in tbe Transactions con- 
cerning tbe use of carbon-bricks in lining blast-furnace hearths. 
This communication illustrated the characteristic quality of his 
whole career. To tbe very last tbe veteran marched in tbe van 
of practical progress. 

In December, 1892, be experienced a stroke of partial par- 
alysis, from which be never completely recovered, though 
he attended meetings of the mining institute of Styria and 
Caiinthia in Leoben until 1895, and was still corresponding 
with friends and colleagues in 1896. In February, 1897, came 
a second stroke, which proved fatal ; and, lingering until June, 
he passed painlessly away. 

His brilliant and useful life did not fail of contemporary 
recognition. He was loaded with honors well deserved and 
modestly borne. Besides the regular successive promotions 
which he received in the service of the Empire (Sectionsrath, 
Hofrath, etc.) and the hereditary rank of Eitter, conferred in 
1864, he was decorated with numerous orders by the sover- 
eigns of Austria, Sweden, Wurtemberg, Saxony, Bavaria, 
Prussia and Kussia, and with marks of distinction not less 
valuable in his eyes, such as the Bessemer medal, the honorary 
membership of the Iron and Steel Institute, the American 
Institute of Mining Engineers, the American Philosophical 

* See Trans, j xix., xxii. The message was as follows: ^‘The International 
Session of German, British, and American Engineers and Metallurgists send greet- 
ings to Tunner and Leoben.” 

t Tmns,j xxi., 120. See also Trans., xxvi., 185. 
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Society, the honorary citizenship of Leohen and many other 
Styrian and Carinthian towns, and membership in many scien- 
tific and technical societies. But the best reivard he could 
have asked for his long, faithful and fruitful service is the one 
upon which he can still look with satisfaction, now that all 
echoes of earthly praise have died away — the picture of a 
great national industry reconstructed and rejuvenated through 
his wise and tireless endeavors, and of a host of earnest 
laborers, guided by his teachings and inspired by his example. 


Improvements in Mining and Metallurgical Appliances 
During the Last Decade. 

BT E. GTBBON SPILSBURY, TRENTON, N. J. 

(Presidential Address at the Chicago Meeting, Februarj’-, 1S97 ) 

Ix the course of the persistent and rapid advance of our 
country towards the goal she has set for hersolfj of commercial 
and nianufacturiiig supremacy, there stand out certain periods 
or cycles of prosperity or depression, succeeding one another 
TOth a comparative regularity as to their ultimate trend, but of 
varying lengths and intensities. I might compare this course 
to that of a railroad between two points at different levels, with 
intervening mountain ranges and valleys, the up-grades climb- 
ing towards the final upper terminal of prosperity, while the 
down-grades retard the ascent, and tend to return to the val- 
leys below, dust at the present time we are evidently at the 
bottom of one of these valleys, and, before starting to climb 
the next divide, it may be prudent for us to look into the con- 
dition of our rolling-stock, and especially into that of our 
brakes, and see what the experience of our dowm ward journey 
has taught us, and whether we are properly equipped for the 
new upward advance which now lies before us. 

Probably no previous period of the same duration has pro- 
duced in all branches of raining and metallurgy iinproveruents 
so many and so various as have the last ten or twelve years. 
jN"ot that they have brought forth any such startling and revq- 
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liitionizilig inventions as were those of Sir Henry Bessemer, or 
Thomas and Gilchrist, in the metallurgy of steel. There has 
been rather a continued series of improvements and economies 
in lines already laid out. These have resulted in enabling the 
miner and manufacturer so to increase his output and lessen his 
cost of production as to be able to meet prices and conditions 
of trade wholly unexpected and unprecedented. 

Iron and Steel . — Let us take the iron and steel trade for an 
example. Ten years ago it would have been considered an im- 
possibility to produce Bessemer pig to sell at a profit below |17 
a ton, and foundry pig at $12 a ton was equally impossible. 
To-day the market-price for the former is as low as $11, while 
ordinary irons are selling in the South below $6 a ton at fur- 
nace, and the producers are not actually losing money at these 
figures, I do not mean to say that the whole of this change 
has been brought about by improvements in mining and smelt- 
ing. We must recognize that at least a portion of the saving 
is due to the discovery of enlarged sources of cheap ore-supply. 
At the same time, the improved methods employed in mining 
these large deposits have enabled the owners to place their ores 
on the market at figures which, a few years before, would have 
been considered impracticable. The introduction of the steam- 
shovel for the mining of the enormous hematite deposits of the 
Southern States, and more recently of those of the Mesabi 
range in Minnesota; the application of electrical power for 
lighting, mining, concentration and transportation, and the 
many improvements introduced in the various systems of wire- 
rope haulage and transportation, have all been the means of 
bringing down the cost of producing iron-ore to figures un- 
dreamt of ten years ago. 

The change in furnace-practice has been no less radical and 
progressive. In localities where, twelve years ago, a produc- 
tion of 1000 tons per week was considered far above the aver- 
age, it is now deemed to be below a profitable producing basis, 
and the average may be taken as 2500 tons per week, while 
some furnaces (those at Duquesne) are now repoi*ted as produc- 
ing as much as 6500 tons in the same time; and these furnaces 
are now aiming at a regular output of 1000 tons per day. 
As already observed, this increased pi'oduction has been made 
possible, not by the invention of any one individual, but rather 
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by tlie industry and intelligence of the vast army of toilers hi 
every branch connected with the industry. The call for in- 
creased heat in the air-blast was met by improvements in the 
design and construction of the fire-brick stoves. The higher 
pressure made necessary by the increased height of the modern 
stack, together with the growing use of larger percentages of 
fine hematite ores and concentrates in the charge, soon called 
forth the necessary improvements in the design and power of 
the blowing-engines ; while the danger of a too rapid cutting- 
out of the furnace-lining, due to the increased heat around the 
zone of fusion, has been provided against by improvements in 
the water-jackets, which, from being merely a protection around 
the tuyeres, have developed into a protection of the whole fur- 
nace below the bosh-line. At the Duquesne furnaces, again, 
they are now doubling the number of tuyeres (making sixteen 
in all), it having been found impossible to supply the requisite 
amount of air through one set. Moreover, the rapid driving 
of the modern furnace has necessitated the abandonment ot the 
old methods of charging by hand-barrows, and the substitution 
of automatic hoisting- and charging-devices cajiable of handling 
from 1700 to 3000 tons of material per day. 

■While it would be impossible in a paper as general as this 
must necessarily be to specify the many inventions which have 
tended to all these advances in the metallurgy of iron, there are 
one or two which deserve special mention, since they enable the 
further use of the iron produced with results heretofore xinat- 
tainable. The first of these is the mixer, invented and patented 
by our late member, Capt. William R. Jones, of Pittsburgh, 
by means of which the products of one or more furnaces arc 
tapped into a receiver, and there so thoroughly agitated and 
mixed as to furnish an absolutely uniform metal for further 
treatment in the manufacture of steel. By allowing the Hind 
metal to remain a certain time in these mixers (as is the 
custom in this country), or by the further use of lime (as 
is the custom in some of the English works), the resulting 
metal is very thoroughly desulphurized, and the time neces- 
sary for its conversion in succeeding processes is materially 
lessened. 

Another improvement is the casting of the pig-metal in 
chills instead of into sand direct, thus materially lessening the 
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silicoii in tlie remelted metal, and funiisiiing a material 
specially adapted to the basic opeii-liearth process. 

A third improvement, while it has not yet come into such 
very general use, is, I imagine, destined to play a very promi- 
nent part in the steel industry of our Southern States. I allude 
to the desiliconizing process invented by Mr. Benjamin Talbot. 
This process consists in pouring the metal as it is tapped from 
the furnace through a bath of molten oxide of iron, whereby 
almost all the silicon contained in the iron is eliminated. 

If the advances and improvements have been so great in the 
production of the pig-iron, they have also been equally so, if 
not greater, in the conversion of the pig-metal into the dif- 
ferent grades of steel. This is, perhaps, not so apparent in the 
Bessemer process, which had already attained almost its present 
perfection at the beginning of the period covered by this paper. 
It is true that closer attention to the mechanical details of the 
handling of large masses quickly, and to the requirement of 
using as uniform a charge as possible, has greatly lessened the 
time necessary for conversion, and has thus enabled the works 
which have availed themselves of this knowledge to increase 
their product greatly, while lessening its cost; but it is in the 
open-hearth processes, both acid and basic, and especially in 
the latter, that the longest strides have been made. The econ- 
omies effected during the last few years in open-hearth prac- 
tice have been so great, that to-day steel can be produced by 
this method practically as cheap as by the Bessemer process, 
and of far better and more uniform quality. While, ten years 
ago, the difference in the cost of production by the Bessemer and 
the open-hearth was between three and four dollars, the real 
difference to-day is not much more than fifty cents a ton ; and it 
is not presumptuous to jDredict that, in the near future, even 
this small excess will be wiped out altogether. These econo- 
mies, most of which have been in the line of mechanical rather 
than metallurgical improvements, have made it possible to in- 
crease the size and the output of open-hearth furnaces to an 
extent undreamt of five years ago. The mechanical charg- 
ing-machines invented by Mr. S. T. Wellman make, it as easy 
now to operate a twenty-ton furnace as it was ten years ago to 
run a five-ton one; and while twenty-ton furnaces are still about 
the average, there seems now to be no limit to what may be 
VOL. xxvir. — 31 
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done by the introduction of the 'Wellman revolving furnaces, 
which are already operated with fifty-ton charges at the Illinois 
Steel Company’s Works in South Chicago, where the erection 
of a new seventy-five-ton furnace is even now contemplated. 

The development of the basic jjrocess, both Bessemer and 
open-hearth, has only quite lately become general in this coun- 
try, notwithstanding its very wide introduction in Europe 
more than ten years ago. The reasons for this slower develop- 
ment are manifold. In the first place, the mechanical genius 
early developed by many American engineers at the head of 
the Bessemer works in this country, from among whom it cer- 
tainly will not seem invidious to single out the name of our 
late member, Alexander L. Holley, rapidly brought the Besse- 
mer process to such a state of metallurgical perfection and 
economy of production as to make it seem unwise to those 
having capital to invest, to introduce a rival process in which the 
cost of production was at that time necessarily much higher. 
A second reason was probably the natural reluctance of the 
enormous capital already invested in Bessemer plants, under 
the protection of the Bessemer patents, to branch out into 
other developments, which were, on the one hand, not so well 
protected by ground-patents as was the Bessemer process, and 
the resulting product of which, on the other hand, would, by its 
more uniform character, rapidly replace the Bessemer product. 
A third very apparent reason appears to me to have boon the 
fact that in this country it has not been the cxccj)tion, but 
rather the rule, to find our largest iron-ore deposits adaptable 
to the Bessemer process, whereas England, Belgium and Ger- 
many have had to depend to a very great extent on the impor- 
tation of foreign ores, sufficiently high in iron and low in 
phosphorus to act as a corrective admixture for their own high- 
phosjohorus ores, if any of the latter were to be used at all. At 
the present time, however, all these reasons have given way to 
the influence of the improvements mentioned above, and pres- 
ent developments all seem to tend in the direction of thu basic 
open-hearth. The improvements in basic hearths and linings 
made by Mr. Benjamin Talbot have done away, by the use of 
crushed crude limestone and resin, with half the expense for- 
merly required for this purpose. 

At this moment our English neighbors are considerably 
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excited over the possibilities of the Bertrand-Thiel continuous 
open-hearth process, which has found a most enthusiastic advo- 
cate in Mr. Gilchrist. Whether, with all the advantages 
claimed for it, it will be able to compete either in output or in 
economy with the Campbell or the Wellman revolving fur- 
naces, remains to be seen. 

Another recent development in England which seems to 
have some promise for small plants making special grades of 
steel, is that known as the Stockman process, which, by the use 
of nitrate of soda as a means of oxidizing the objectionable 
metalloids, supersedes the necessity of expensive blowing- 
machinery. The process is highly spoken of by good authori- 
ties who have seen it in operation ; but so far I have heard of 
no converters larger than one-ton capacity being used, and the 
resulting metal appears alwaj^s to have been recarburized in an 
open-hearth furnace. What the final cost of these double pro- 
cesses will turn out to be has yet to be determined. 

I cannot well leave this branch of my subject without calling 
to your attention the remarkable work in the mining, crushing, 
concentrating and finally briquetting of magnetic iron-ore 
which is carried on at the Ogden mine in ISTew Jersey by Mr. 
Thomas Edison. As a theoretical development and improve- 
ment of the very highest type, these works of his stand out 
unique ; but it has not yet been demonstrated in regular prac- 
tice that the enormous outlay called for by such a complete 
plant (the present plant at Edison being reported as involving 
already an expenditure of one and one-half million dollars) 
would be warranted except in very exceptional cases. The 
experiments so far carried out on some 30,000 tons of rock 
have demonstrated the fact that an ore averaging not over 30 
per cent, of iron can be quarried or mined, transported by rail 
a quarter of a mile to the mill, there crushed, sized and re- 
crushed to a fine powder, the magnetic iron separated from the 
non-magnetic gangue, the concentrates mixed with a binder, 
then pressed into briquettes, furnace-dried and loaded on ears 
— all for less than six cents per unit of the iron-contents of the 
briquettes. Even under the present conditions of low prices, 
if the resulting concentrates were low enough in phosj)horus to 
bring them within the Bessemer limit, the operation could be 
carried on to a financial success ; but unfortunately this is not 
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the case, and therefore, until the price of foundry-pig shall 
advance to a figure at which it Avill he profitable to purchase a 
68-per-cent, iron-ore at six cents a unit, it is not probable that 
the Edison works can be run continuously at a profit.^ It 
stands, nevertheless, a monument of perseverance in original 
research which certainly deserves our admiration. 

Copper .— we come to the mining, smelting and refin- 
ing of copper, we find that no less progress has been made, and 
mines which, ten years ago, were practically abandoned as being 
too poor and expensive to operate at a profit, are to-day yield- 
ing good returns to their owners. Instead of operating on a 
small scale with the rich ore-streaks in a vein, it is now found 
much more profitable to rvork the whole vein, notwithstanding 
the fact that the average yield of copper throughout a deposit 
so worked may not yield over 3 or 4 per cent., and evmn (in 
the case of the Atlantic mine, at Lake Superior) does not reach 
per cent. The average cost of producing copper to-day is 
eei’tainly under 10 cents a pound, and many of the larger mines 
are able to furnish it at a cost of less than 7 cents. It is hard 
for anyone not actively engaged in the metallurgy of copper to 
be able to point out any one special invention or improvement 
which has contributed more than another to these results, espe- 
cially as the characters of the ores and their methods of treat- 
ment are so thoroughly different in the two great copper-pro- 
ducing disti’iets of the United States. In the great Lake Su]ie- 
rior deposits, the copper being entirely in a native state, the 
problems to be solved for cheaper production have been (diieily 
mechanical ones. Here, therefore, these improvements have 
taken the direction of handling enormous quantities of mate- 
rial with the least possible labor. Deeper shafts, inereascul 
size and speed of hoisting-engines, and improved facilities for 
mechanically crushing and concentrating the miue-iiroduet 
have permitted wonderful savings to be eftbeted. I’robahly 
nowhere else has the mechanical engineer been able to supple- 
ment so thoroughly the work of his mining confrere. Uowhere 
else have the greatest economies of the steam-engine been more 
thoroughly studied and applied than in this district. Triple 
and quadruple expansion hoisting- and pumping-engines are 
now the rule, instead of the exception, and the enormous steam- 
stamps, with their almost incredible capacities, are trophies of 
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the engineering skill of those who have evolved them from the 
pattern of the original Ball stamp. The improvements in the 
concentration of the crushed material have kept equal pace 
with the rest of the development until, to-claj, a typical con- 
centrating-mill of this district, handling a thousand tons or 
more a day, is operated with less labor than an ordinary 100- 
ton mill elsewhere. In the western copper-regions of Montana 
and Arizona these problems have also had to he met, and have 
heeii similarly overcome to a greater or less extent; but, in 
addition to them, the complex and often refractory character 
of the ores met with has raised still other difficulties, both in 
their concentration and in subsequent metallurgical treatment. 
The successful matting of these complex ores, their subsequent 
enrichment by the Bessemerizing process, and, finally, the part- 
ing and deposition of the copper by the several electrolytic 
processes, are all inventions and improvements which have 
come into general use during the last decade, and by these 
means this country has been enabled to control practically the 
copper-markets of the world. 

Gold , — If we consider the mining and production of gold, we 
shall be still more struck with the advances which have been 
made. In view of the fact that practically all the gold-produc- 
tion of the world is from native gold, it would not seem that, 
outside of the mechanical methods employed in mining, crush- 
ing, amalgamating and concentrating, there was much scope 
for new inventions or processes ; but, in truth, very few branches 
of metallurgy have been so thoroughly revolutionized during 
recent years. Where, a dozen years ago, a mine which yielded 
anything less than one ounce of gold to the ton would hardly 
have proved attractive to the most sanguine investor, to-day 
many of the best paying mines are working on ore containing 
less than four pennyweights of gold to the ton ; and even this is 
not necessarily all in a free state, the most of it being contained 
in iron sulphides, which require at least a partial, if not com- 
plete, roasting before treatment. The necessit} of the close 
and careful concentration of these small quantities of aurifer- 
ous iron sulphides from the immense volume of quartz or 
slate gangue iu which they occur has heen met by the improve- 
ments in the different continuous belt-concentrators, which are 
the natural evolution from the old Rittingex or Siossheerd of 
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twenty years ago, aided by tbe improved hydraulic sizers or 
separators. It is in the treatment of these concentrates and 
the extraction of the gold they contain that the greatest im- 
provements have occurred. While in some cases it is still con- 
sidered economical, where extremely close desulphurization is 
required and where fuel is very cheap, to continue the use of 
the hand-rabbled reverberatory furnaces, such cases are in the 
minority. The mechanical furnaces have been so much im- 
proved and so greatly increased in capacity that they are prac- 
tically replacing all others. There are so great a number of 
these that it would take too long to enumerate them. I will 
therefore only mention one of the latest, and probably the best 
of them all. I refer to the Pearce turret-furnace, which is such 
a radical departure from the general furnace-construction as to 
call for a few words of description. Before this furnace was 
devised, it had been the general aim of inventors to employ 
mechanical contrivances adaptable to the construction of the 
then existing rectangular hearths. These contrivances all had 
the defect of being cumbersome and difficult to I’epair without 
stopping the whole operation. In the Pearce type of furnace 
the hearth is the rim of a circle and the mechanical stirrers can 
be driven from a central point, and so protected by water-cool- 
ing as to prevent their rapid wear by oxidation. The speed at 
which the ore is carried round the furnace can be regulated 
with exactness, and thus constant results are obtainable. Tlio 
ore-feed is also regulated by a mechanical device, and so is the 
firing, which can be either by direct fuel or fuel-gas, as desired. 
The saving in labor on furnaces of this type is also very con- 
siderable. 

Of the numerous inventions and processes which have been 
brought before the public in the last ten years for the treat- 
ment of these roasted (or even unroasted) concentrates, only 
two have stood the test of practice and come into general use. 
These are the improved chlorination and the cyanide method. 
Each of them has its strong advocates; each has its pecixliar 
advantages and disadvantages ; and neither is adaptable to the 
treatment of every kind of ore. The present barrel-chlorina- 
tion plant is extremely simple and of moderate cost; and for 
ores not containing large percentages of silver or copper, or 
not having a lime gangue, the process is an ideal one. The 
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precipitated gold is clean and free from other metals, and con- 
sequently requires little after-manipulation ; and regular yields 
of 92 to 94 per cent, of the assay-value of the ore treated are 
not above the normal. The disadvantages are, that the ore re- 
quires a most thorough dead roasting before it can be treated 
economically, and that any silver contained in the ore is lost, 
or must be recovered by some subsequent treatment. 

The cyanide process can be worked with fairly snccessful re- 
sults on some unroasted ores, and on some ores that are much 
more complex than those adapted to chlorination, but it has the 
disadvantage that the extraction of gold rarely reaches in prac- 
tice over 80 per cent, of the assay-value, and indeed, when 
worked in a large scale, seldom exceeds 70 per cent., unless the 
ore is subjected to the same previous roasting as is necessary 
for chlorination. One great objection to the cyanide process is 
the bulk of the precipitates and the necessity for special appli- 
ances for their after-treatment. The use of zinc shavings as 
the precipitant requires that the zinc shall be distilled oft* be- 
fore the gold can be melted and refined; and considerable loss 
occurs in this after-treatment, even under the best management 
If some sure method of precipitating the gold from the cyanide 
solution, so that it would be free from the contamination of the 
zinc shavings, were devised, and a comparatively pure precipi- 
tate could be obtained without material increase in the cost of 
operating, then most probably the cyanide process would come 
as regularly into use, in this country, as the amalgamation pro- 
cess has done for free gold-ores. The electrolytic deposition of 
the gold is already being applied to the cyanide solutions in the 
South African mines, under the Siemens-Halske patents ; but, 
so far, the results have not been financially more successful 
than those of the old McArthur-Forrest method. In fact, I find 
it generally reported that the yield is seldom over 70 per cent, 
of the value of the solution. An improvement now being 
tested, which is the invention of Prof. J. Richards of Lehigh 
University, promises, so far as laboratory-tests have shown, to 
overcome all of these objections to the cyanide process, besides 
having the further great advantage of recovering the potassium 
cyanide used, in condition for further use, and thus cutting 
down one of the chief items of cost of the whole process. It is 
too soon yet to predict what the practical results of these tests 
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will be, but should they prove successful, there v^oulcl seem to 
be no end to the extension of the system through the low-grade 
mines of tlie Sontli and West. 

Sitcer and ieai.— These two metals being so intimately 
connected in metallurgy, they may best be considered together. 
Fewer changes in actual processes are to be noted for these 
metals than^for most others, the reason probably being that 
when they occur together, as in most cases, nothing is sim]iler 
than blast-furnace smelting for their reduction; and when they 
do not occur together in nature it is generally feasible to ob- 
tain the missing one and mix them at the furnace. Where 
fuel is not procurable and the distance to a smelting centre is 
too great for the silver-value of an ore to bear transporting to 
it, then its treatment by itself becomes necessary, and the im- 
provements in methods for this work have been very marked 
indeed, especially in the line of more rapid and thorough 
means for roasting and chloridizing the ores to be afterwards 
amalgamated, or treated by the “ Eussell ” process, or some 
other method of lixiviation. 

The progress during the last few years in the smelting of 
lead- and silver-ores has been mainly, as in the iron-furnaces, 
in improvement of construction, better knowledge ot the 
chemical requirements for the constitution of the ore-charges, 
greater care in the choice and preparation of the fuel use<l, 
and more perfect arrangements for the collection of flue-pro- 
ducts. The competition among the great number of smelting 
works erected during the last decade has so raised the ])rices 
they have to pay to the miners for ores, that the incentive to 
find more economical methods, and practice greater economy 
in the methods already known, has been particularly strong, 
and the results are correspondingly remarkable. 

Aluminum . — ^Almost the entire metallurgy of aluminum, as 
it is practiced to-day, is the development of the last ten or 
twelve years. It was, I believe, at the Halifax meeting of the 
Institute in 1885, that Dr. T. Sterry Hunt called our attention 
for the first time to the electric furnace, which had been de- 
vised and tried experimentally by the Messrs. Cowles, at their 
Lockport works, shortly before that time. Previously, ])racti- 
eally all the aluminum of commerce had been supplied from 
France, where it was made under the old Dcville method of 



IMPROVEMENTS IN MINING AND METALLURGICAL APPLIANCES. 463 


reducing aluminum chloride by the aid of metallic sodium. 
It was selling in this country at a price very little below one 
dollar per ounce Troy. Castners’ improved process for the 
manufacture of sodium etfeeted such a radical economy in the 
price of this reducing agent as to enable the Aluminum Com- 
pany of France to lower their price to seven dollars a pound; 
but it w^as not until 1887 that the Mabery and Cowles process 
of direct reduction in the electric furnace had progressed far 
enough to be able to produce aluminum at a price sufficiently 
low to drive out the foreign competition ; and it is since that 
time that the phenomenal strides have been made which per- 
mit this metal to be profitably sold to-day in large quantities 
at about thirty cents a pound. "While it is true that the Cowles 
process of direct reduction in the electric furnace from the 
oxides was the real starting-point of the movement towards 
the magnificent results obtained in the aluminum industry in 
this country, these results have only been made possible by 
the further invention of Mr. Charles M. Hall, now operated 
by the Pittsburgh Reduction Comj)any. In this process alu- 
mina, held in solution in a bath of molten fluoride, is reduced 
by electrolysis without the decomposition of the bath, thus 
securing practically a continuous process, which furnishes a 
product so nearly pure as to require a simple remelting only 
before putting it on the market. While the extension of the 
use of this metal has been rapid during the last few years, the 
more precise knowledge of its characteristics thus acquired has 
very thoroughly torn away the veil of mist through which it 
had been studied and considered, and has resulted in consider- 
able disappointment. As a metal by itself, it is probably not 
destined ever to supplant iron or steel in structural work to 
any extent, even if fui’ther improvements in its manufacture 
should enable it to be produced at equal prices. Its compara- 
tive low tensile strength, added to the extremely narrow limits 
of heat between which it must be worked, to insure homoge- 
neous results, will always make it too treacherous for this pur- 
pose. On the other hand, the results already obtained with 
the alloys of this metal show wonderful possibilities in the 
future, if a reduction in the cost of their production, propor- 
tionate ' to what has taken place since 1890, should continue 
during the next few years. So far, the alloy which seems to 
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give tlie best present results and the greatest promise for the 
future is that with nickel, which metal has also, during the last 
decade, stepped out from the ranks of the rarer metals and be- 
come one of those growing into general use. The addition of 
a few per cent, only of nickel to aluminum greatly enhances 
the strength, as well as the toughness, of the metal, adding 
also to its brilliancy, while at the same time but slightly affect- 
ing its specific gravity. 

Nickel . — As observed above, nickel in its pure state can now 
be classed among the commercial metals, being furnished at a 
price not exceeding thirty-five cents a pound. The processes 
used are still kept more or less secret by the manufacturers, 
but they are all electrolytic in character. So far the chief 
application of this metal has been as an alloy for copper and 
steel; but now that its production in a pure state and on a 
commercial scale has been made possible, I do not hesitate to 
predict a very rapid extension of its uses in the arts. Its 
great tensile strength, equal nearly to that of steel, together 
with its great ductility and its remarkably high electi’ical re- 
sistance, are all characteristics of general utility. Ik'sides 
which, its resistance to atmospheric oxidizing agencies is al- 
most absolute ; and very few acids or alkaline solutions have 
any corroding effect on it. 

Mectried Imiorovement . — In all of the lines of progress sketched 
above, it is evident that the principal agency which has enabled 
us to make such advances has been electricity. With one or 
two exceptions, every improvement in mining or nudallurgy 
during the last decade is connected more or less closely with 
electrical development, and has been made possible, by that 
medium. The enormous productions in our stetd-works are 
largely due to the facility with which light and powtu- arc 
brought to focus at just the points where most needed. Com- 
pare the older Bessemer and open-hearth plants with the new 
ones of the present day. The old ones present the appearama^ 
almost of the interior of an ant-hill, so crowded are they with 
men pulling and tugging with levers or tongs, shouting instruc- 
tions to engineers and crane-men, amid the deafening roar of 
steam at high pressure escaping from innumerable small or 
large engines. In the new mill, nearly all this is done away 
with, and is replaced with the almost noiseless motor, operated 
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almost ^yitllout manual effort by the man in charge, who, placed 
comfortably out of the reach of the intense heat of the material 
or the furnaces he is operating, can overlook the whole opera- 
tion, and work with a precision which was impossible under 
the old system. The members of the Institute will see on their 
visit to the works of the Illinois Steel Company, in the im- 
mense open-hearth plant of that company, one of the grandest 
exemplifications in the world of this application of electrically- 
controlled machinery, both for charging the furnaces and for 
handling the immense fifty-ton ladles into which the contents 
of the furnaces are discharged. 

It is through the use of electrolysis that it has been possible 
to separate gold, silver and copper so economically in the 
'Western mattes, and to produce rarer metals, such as aluminum 
and nickel, at a figure hardly conceived ten years ago. Alto- 
gether, this agency has been for the past decade, and will 
probably continue to be for the next, the main factor of prog- 
ress. 

There are very many other improvements I should like to 
mention, but for which time would be too short at this meet- 
ing. I will conclude, therefore, by merely expressing the hope 
that the next decade of prosperity, which now lies before us, 
will be fraught with as many improvements and advances in 
the different branches of our profession as the last one has 
been. 


Investigations of Water-Supply. 

BY F. IL NEWELL, IIYDEOGEAPHER UNITED STATES GEOLOaiCAL SUEVEY, 
WASHINGTON, D. 0. 

(Lake Superior Meeting, July, 1897.) 

At the Glen Summit meeting of the Institute, held in Octo- 
ber, 1891, the writer presented a paper on the results of 
stream-measurements 6f the United States Geological Survey, 
reviewing briefly the data obtained at that time.’'" Since then 
the investigations have been steadily continued and enlarged, 
BO that at the present time about 150 river-stations are main- 

* Transit xx., 647. 
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tallied in various parts of the United States, this work being 
under the charge of Mr. Arthur P. Davis. At these places ob- 
servations of the height of water are kept day by day, and occa- 
sional measurements are made, such that it is jiossible to com- 
pute the daily flow, and from this the average, the maximum, 
and the minimum discharge for months and years, d hese 
river-stations are situated not only upon streams within the 
great public land area of the United States, but, to a consider- 
able extent, have been scattered along the Appalachians, where 
the results have importance in connection with plans tor the 
developraent of water-powers. With the general emjiloymont 
of electrical means of transmission has come a demand for in- 
formation concerning not only the localities wheie piowci- 
plants can he established, but also the volume of flow and its 
fluctuations. 

The duration of low water and the quantity then available 
have special importance in such enterprises ; for financial .suc- 
cess is largely dependent upon ability to furnish a minimum 
power every day in the year. A few days of extreme low wa- 
ter habitually prevailing each year or eveiy two or three years 
may he sufficient to condemn an otherwise excellent location, 
as it is often impracticable to provide an auxiliary steam-plant. 
In the Appalachian area several excellent projects have l)een 
abandoned, because of the lack of definite information on these 
points, and the fear that streams might shrink during summer 
— a fear, which, as shown by later observations, has not been 
well grounded. 

The Division of Hydrography of the Geological Surv('y i.s 
conducting not only measurements of surface-streams and ocaae- 
sional surveys of reservoir-sites, hut also examinations with lag- 
gard to the amount and quality of underground waters which 
can be reached by ordinary or deep wells. Artesian eoudilions 
are studied in various p>arts of the country, and all available, 
facts are brought together, in the hope of publishing definite 
information concerning the practicability of obtaining supplies 
of water at known depths, or at least of showing that the 
chances of success are great or small. This work is not as di- 
rectly of an eagineering character as that of stream-measure- 
ment, but involves a thorough knowledge of the goologi<‘. ar- 
rangement of the country and of tlie structure of the rocks, as 
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regards tlieir caj^acity to retain and transmit water. The 
greater part of the work has been done within the Great Plains 
area, where well-water has its greatest value by reason of the 
absence of living streams. There, it may be said, the only 
mineral resource is water, and all land-values rest to a consider- 
able extent upon the ability to procure this in considerable 
quantities and of good quality. 

The following description of the field-work carried on in va- 
rious parts of the country is arranged in general geographic 
order. First comes the humid region, including the eastern 
half of the country, or the States lying to the east of about the 
97th meridian ; next, the sub-humid region, which includes the 
States taken in order from North Dakota to Texas on the south ; 
and finally the arid region, under which heading are included 
the remaining States, with the two Territories of Arizona and 
New Mexico. 

Humid Region. 

New Eiujlcmd and New York — The hydrographic data for the 
rivers of New England have been brought together by Prof. 
Dwight Porter, who has prepared a report upon the water- 
powers of this district and discussed the figures obtainable re- 
garding river-flow. This material forms the basis for syste- 
matic examinations of the variations in discharge of some of 
the more important streams of this area. Facts regarding the 
water-power of New York are also being collected, many of 
these being had from investigations made primarily for the 
State Engineer and Surveyor, and supplemented by later re- 
search. Most of these figui'cs have been obtained through the 
proprietoi'S of water-power plants and are based upon weir- 
compntations of overflow-dams or on estimates of the capacities 
of water-wheels. 

Penn^v/lrania and 3faryUmd. — Systematic measurements have 
been gradually extended northerly from the Potomac into these 
States. A station has been located at Harrisburg on the Sus- 
quehanna river and observations are also being carried on at 
points on Octoraro creek, Patapsco and Patuxent rivers and 
Antietam creek, as well as at points in Maryland on the Poto- 
mac. The work in the latter State is conducted in co-operation 
with Prof. W. B. Clark, State Geologist. 

Virginia and West Virginia. — Measurements of the Potomac 
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river and its tributaries and also of some of the streams forming 
part of the Ohio drainage have been continued under the super- 
vision of Prof. D. C. Humphreys, of Lexington, Va. In con- 
nection with the systematic work, he has continued at intervals 
a general reconiiaissancB of localities where water-powers nia}^ 
be developed. 

North and South Carolina. — ^In co-operation with Prof. J . A. 
Holmes, State Geologist, the river-stations have been main- 
tained in these States, and the number has been slightly in- 
creased. The field-work has been carried on mainly by his as- 
sistant, Mr. E. W. Myers. 

Ceorgia, Alabama and Tennessee. — The operations in Georgia, 
under the direction of Prof B. M. Hall, of Atlanta, have been 
gradually extended to streams rising in the southern end of the 
Appalachian area and flowing southerly through Alabama and 
■westerly into Tennessee. The work in Alabama has been car- 
ried on in co-operation with Prof. Eugene A. Smith, State 
Geologist, who has also collected data concerning the waters 
obtained by wells. 

Ohio, Indiana and Illinois. — The hydrographic data obtained 
by Mr. Frank Leverettiu glacial studies extending across Ohio 
and Indiana, have been compiled by him, being rounded out by 
later observations. These facts pertain mainly to the well-waters 
of these States. The results are being published in Part IV. of 
the Eighteenth Annual Report of the United States Geological 
Survey. He has also continued the compilation of data re- 
garding the wells of Illinois, this material being supplementary 
to his paper published in the Seventeenth Animal Report. In 
addition, Prof. Edward Orton, State Geologist of Ohio, has 
brought together a considerable body of facts relating to the 
water-resources from the deeper wells of that State, this mat-eriul 
being obtained in part in connection with his investigations of 
the occurrence of oil and gas. 

Michigan. — Prof. Alfred C. Lane, assistant State Geologist, 
has begun the collection of facts concerning ■well-waters through 
correspondence by schedules, with the intention of supplement- 
ing this information by occasional field-work. 

SuB-niTMiD Region. 

The suh-humid region is for convenience regarded as includ- 
ing the greater parts of the States of North and South Dakota, 



INVESTIGATIONS OE WATER-SUPPLY. 


469 


Nebraska, Kansas, Texas and the Territory of Oklahoma. The 
principal work carried on in these States has been in connec- 
tion with artesian investigations, but a considerable number of 
stream-measurements have also been made. 

North and South Dakota. — ^Prof. Earle J. Babcock, of Orand 
Porks, North Dakota, has carried on a reconnaissance of the 
area in the vicinity of Devils Lake, North Dakota, and to the 
north. The results of his work have been prepared for pub- 
lication as one of the series of “ Water Supply and Irrigation 
Papers.” Mr. N. H. Darton, assistant geologist, has conducted 
some field-work in South Dakota, and has prepared a paper 
now being published, giving his conclusions; this being in a 
certain sense a continuation of his paper in the Seventeenth 
Annual Report^ now in print. 

Nebraska . — The largest single investigation undertaken dur- 
ing the year has been the systematic work of Mr. Darton in 
his thorough examination of the country from the vicinity of 
Lincoln westward along the Platte valley to the vicinity of 
Lexington. In this work he was assisted by Mr. J oseph Mac- 
farland, a young man of considerable ability, whose death at 
the end of the field-season deprived this survey of one of its 
most energetic younger investigators. The conclusions reached 
by Mr, Darton have been embodied in a paper to be printed as 
one of the series on wnxter supply and irrigation. Prof. Edwin 
IT. Barbour, acting State geologist, has co-operated in a general 
study of the well-waters of the State, and has prepared a paper 
upon the utilization of those, especially through the employ- 
ment of wind-mills in bringing the water to the surface. The 
riveiMneasurements in this State have been carried on under 
the direction of Prof. 0. V. P. Stout, with the exception of the 
measurements at North Platte, in charge of Mr. Charles P. Boss. 

Kansas. — Prof. Erasmus Haworth, of the Kansas University 
Geological Survey, has prepared a report upon the water-con- 
ditions of the area south of the Arkansas river, in the vicinity 
of Dodge and Garden. This has been published as No. 6 of 
the “Water Supply and Irrigation Papers.” Mr. Willard D. 
Johnson has spent the greater part of the year in western Kan- 
sas, working with various investigators and bringing together 
information regarding the behavior of water underground. 

Prof. E. 0. Murphy, of Lawrence, has conducted a series of 
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erperiments on the efficiency of wind-mills in raising Avater for 
irrigation, taking the mills in actual operation in the vicinity of 
Garden, Kansas, and has prepared for publication, as Paper Ko. 
8 of the above series, a description of his tests. A similar line 
of investigation has been pursued by Prof. 0. P. Hood, at Man- 
hattan, upon the efficiency of various pumps commonly em- 
ployed in raising water for irrigation. The stream-measure- 
ments of the AA'^estern part of the State have been under the 
charge of Mr. W. G. Pussell, while those in the eastern end, 
in the vicinity of Lawrence, have been carried on by Prof. E. 
C. Murphy. 

Texas . — A report upon the utilization of water in irrigation 
in portions of Texas has been prepared under the direction ot 
Prof J. H. Connell, of Pryan, by Mr. William Pergusou Hutson. 
A special investigation has also been made by Prof. Thomas IT. 
Taylor, of Austin, on the rate of silting of Lake McDonald, 
the reservoir formed by the Austin dam; data of tliis character 
being of great importance in estimates of available water from 
storage-projects. 

Akid Region. 

In discussing the hydrographic work of the arid region, the 
alphabetic instead of geographic order is adopted, as being 
more convenient for general reference. The principal work 
here has been in the measurements of discharge of ritreams ris- 
ing in the high mountains and flowing out upon the broaden' 
valleys. The results of these measui'emcnts liavo been dis- 
cussed in a number of papers in connection Avith the utilization 
of the waters in irrigation. 

Arizona. — ^In this Territory observations of AA-ater-supply have 
been continued at the Buttes, above Florence, to obtain the 
amount of water which might he held by a suitable stoi'ugc- 
reservoir at that point. Computations of discharge have also 
been made for the Verde and Salt rivers near their juudioii. 

California . — The river-measurements in this State have been 
continued by Mr. J. B. Lippincott, who has also prepared a 
paper upon the Avater-supply of the Sau Bernardino valley. 
Mr. 0. E. Grunsky, of San Francisco, has written a report, 
upon irrigation in the southern or upper end of the San doatpiin 
valley, and has brought together material for a description of 
the area further north. Mr. J ames D. Schuyler, of Los Angeles, 
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has prepared a thoroughly illustrated discussion of the prin- 
cipal storage-dams and reservoirs constructed for purpose of 
irrigation, this being printed as one of the papers in Part IV. 
of the JEighteejith Annual Report 

Colorado . — The State engineer of Colorado has continued his 
co-operation in the measurement of the discharge of rivers of 
this State, assistance being given by Mr. F. Cogswell, deputy 
State engineer. Mr. David Boyd, of Creeley, has prepared a 
paper on the development of irrigation and of the Colorado 
system of legislation, founded largely on the experience of the 
Union Colony. 

Idaho. — Mr. F. J. Mills, State engineer of Idaho, has been 
of assistance in continuing the river-measurements in this State, 
the work being carried on during the past year mainly by Mr, 
Grant H. ISTickerson; data regarding the Bruiieau river have 
also been obtained from Mr. Andrew J. "Wiley, of Grand View. 

Ilontana . — The river-stations, which ai'e mainly in or adjacent 
to the Gallatin valley, have been maintained by Prof. Frank 
Beach, of Bozeman, assisted by Mr. Roe Emery. 

Nevada. — Mr. 1. H. Taylor, of Battle Mountain, has con- 
tinued the field-work at various points along the Plumboldt 
river and on its tributary, Rock creek. 

New Mexico . — The work along the Rio Grande has been con- 
tinued under the charge of Mr. P. E. Harroiin, except at El 
Paso, where, through the request of Geii. Anson Mills, the 
station has been placed under the charge of Mr. W. W.^Fol- 
Ictt, civil engineer for the Mexican Boundary Commission. 

Oregon . — The river-stations in the eastern end of this State 
liavo l)een under the charge of Mr. Grant II. ]Srickerson; the 
work being done in connection with that in Idaho. In the 
northeastern ])art of the State the river-measurements have 
becti made by ifr. Cyrus 0. Babb. 

Utah . — Prod Samuel Fortier, of Logan, has continued work 
at tbo river-stations, with the assistance of Mr. William Dougall, 
and also has conducted seepage-measurements, being aided in 
the latter by county authorities and others; the results being 
of immediate practical benefit to the inhabitants of the northern 
part of the Stale. The results of this latter work are given in 
Ihipor No. 7 of the Water Sxipply and Irrigation"’ series. 

Washington. — Mr. Cyrus 0. Babb, assistant hydrographer, 

VOL. XXVIL— 32 
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has devoted a considerahle part of his time to measurements 
ill this State, having also inspected the operations of resident 
hydrograpliers in other localities. 

Wyoming* — Prof. Elwood Mead, State engineer, has continued 
to render assistance to the survey; the work of stream-measure- 
ment being carried on by his assistant, Mr. C. T. Johnson. 
Aid has also been rendered by Mr. Edward Gillette, at Sher- 
idan, Wyoming. 

List op Eivebs Measubed. 

The following list gives in geographic order, by drainage- 
basins, the localities at which systematic measurements or com- 
putations of discharge have been made. At most of these the 
work has been done by hydrographers of this survey, while at 
a few the data have been obtained from engineers, being 
rounded out by additional measurements or by computation. 

List of Rivers Pleasured in 1896-97. 

Kiver. State. 

Chesapeake watershed : 

Susquehanna river at Harrisburg, Pennsylvania. 

Octoraro creek at Rowland ville, • Maryland. 

Patapsco river at Woodstock, 

Patuxent river at Laurel, 

Potomac basin : 

South Branch ofPotoniac river at Springfield, West Virginia. 

Potomac river at Cumberland, Maryland. 

Antietam river at Sliarpsburg, 

Horth river at Port Republic, Virginia. 

South river at Port Republic, 

Shenandoah river at Millville, WcKst Virginia. 

Potomac river at Point of Rocks, Maryhuul. 

Monoeaey river at Frederick, 

James River basin : 

North Pork of James river at Glasgow, Virginia. 

James river at Buchanan, 

South Atlantic watershed : 

Roanoke river at Roanoke, Virginia. 

Ban liver at Clarksville, 

Staunton river at Clarksville, 
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River. 

Roanoke river at Neal, 

Tar river at Tarboro, 

Neuse river at Selma, 

Cape Fear river at Fayetteville, 
Yadkin river at Salisbury, 

Yadkin river at Norwood, 

Catawba river at Rock Hill, 
Catawba river at Catawba, 

Broad river at Gaffney, 

Broad river at Alston, 

Saluda river at Waterloo, 

Savannali river at Calhoun Falls, 
Oconee river at Carey, 

Ocmulgee river at Macon, 

Gulf of Mexico watershed : 

Chattahoochee river at Oakdale, 
Chattahoochee river at West Point, 
Etowah river at Canton, 
Coosawattee river at Carters, 
Oostanaula river at Resaca, 

Coosa river at Riverside, 

Coosa river at Lock No. 6, 

Black Warrior river at Tuscaloosa, 
Ohio River tributaries : 

Greenbrier river at Alderson, 

New river at Fayette, 

French Broad river at Asheville, 
Tuckasoigee river at Bryson, 

Little Tennessee river at Judson, 
Iliwassec river at Murphy, 
Tennessee river at Chattanooga, 
Upper Missouri basin: 

Missouri river at Townsend, 

West Gallatin river at Salcsville, 
Middle creek at Bozeman, 

Gallatin river at Logan, 

Madison river at Redbluff, 
Jefferson river at Sappington, 
Yellowstone river at Livingston, 


State. 

North Carolina. 

a 

u 

6i 

U 

South Carolina. 

cc 

a 

<( 

<( 

(C 

Georgia. 

Georgia, 

cc 

Alabama. 

u 

u 

West Virginia. 

ISTorth Carolina. 
a 

a 

Tennessee. 

Montana. 

a 

<(. 

a 

if. 

a 
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Biver, 

State. 

Shoshone river at Lovell, 

’Wyoming. 

Grey Bull river at Meeteetse, 

C6 

Little Goose creek at Sheridan, 


Big Goose creek at Sheridan, 

C(, 

Clear creek at Butfalo, 

U 

Platte basin : 

Laramie river at Woods Landing, 

Wyoming. 

Laramie river at IJva, 

a 

l^orth Platte river at Orin Junction, 

ic 

ITorth Platte river at Camp Clarke, 

Nebraska. 

ISTorth Platte river at ISTorth Platte, 

CC 

South Platte river at Beansbury, 

Colorado. 

South Platte river at Denver, 


South Platte river at Orchard, 

iC 

ISTorth Louj) river at St. Paul, 

Nebraska. 

Middle Loup river at St. Paul, 

a 

Loup river at Columbus, 

C6 

Platte river at Columbus, 

u 

Elkhorn river at JSTorfolk, 

a 

Kansas basin : 

ISTorth Pork of Republican river at Haigler, 

Nebraska. 

Frenchman river at Wauneta, 

ii 

Frenchman river at Palisade, 


Republican river at Superior, 

iC 

Republican river at J unction City, 

Kansas. 

Solomon river at Beloit and Niles, 


Saline river at Beverly and Salina, 


Smoky Hill river at Ellsworth* 

a 

Blue river at Manhattan, 

a 

Kansas river at Lawrence, 

a 

Arkansas basin : 

Arkansas river at G-ranite, 

Colorado. 

Arkansas river at Salitla, 


Arkansas river at Canyon, 

ic 

Arkansas river at Pueblo, 

u 

Purgatoire river at Trinidad, 

a 

Arkansas river at Hutchinson, 

Kansas. 

Verdigris river at Liberty, 

66 

Heosho river at lola, 

66 
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Kiver. 

State. 

Rio Grande basin : 

Eio Grande at Del Norte, 

Colorado. 

Rio Grande at Embudo, 

New Mexico. 

Cliama river at Abiquiu, 

a 

Rio Grande at Rio Grande, 

a 

Rio Grande at San Marcial, 

a 

Rio Grande at El Paso, 

Texas. 

Colorado basin : 

Grand river at Grand Junction, 

Colorado. 

Dolores river at Dolores, 

a 

San Miguel river at Fall Creek, 

6C. 

Dncompaligre river at Fort Crawford, 

cc 

Blacks Fork river at Granger, 

Wyoming. 

Green river at Green River, 


Green river at Blake, 

tJtab. 

San Juan river at Arboles, 

Colorado. 

Piedras river at Arboles, 

a 

Animas river at Durango, 

cc. 

Gila river at Buttes, 

Arizona. 

Salt river at Mt. McDowell, 

cc 

Verde river at Mt. McDowell, 

’ cc 

Interior basin in Nevada : 

Humboldt river at Elko, 

Nevada, 

Humboldt river at Battle Mountain, 

cc 

Humboldt river at Golconda, 

cc 

Humboldt river at Oreana, 

cc 

liock creek at Battle Mountain, 

cc 

SoutliFork ofHumboldt river atMasoti’s Eanclij “ 

Interior basin in Utah and Idaho : 

Logan river at Logan, 

Htab, 

Bear river at Collinston, 

cc 

Ogden river at Eden, 

cc 

Weber river at Uinta, 

cc 

Provo river at Provo, 

cc 

Utah lake. 

cc 

Columbia basin : 

Snake river at Montgomery Ferry, 

Idaho. 

Malad river at Taponis, 

CC 

Little Wood river at Taponis, 

cc 
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Hiver. State. 

Bruneau river at Grand View, Idaho. 

Boise river at Boise, 

Owyhee river at Nyssa, Oregon. 

Malheur river at Yale, 

Payette river at Payette, Idaho. 

"Weiser river at Weiser, 

Yakima river at Selah, Washington. 

Yakima river at IJnion Gap, 

Yakima river at Kiona, 

Spokane river at Spokane, 

Umatilla river at Gibbon, Oregon. 

San Francisco Bay drainage : 

Sacramento river at Pedbluff‘, California. 


Sacramento river at Jellys Perry, “ 

Stanislaus river at Oakdale, 

Tuolumne river at La Grange, 

Tuolumne river at Modesto, 

San Joaquin river at Herndon, 

Kings river at Bed Mountain, 

Kings river at Kingsburg, 

Kern river near Bakersfield, 

Small Lost Creeks in southern California : 

Little Rock creek at Palmdale, California, 

San Gabriel river at Azusa, 

Santa Ana river at Warm S^mings, 

Bbpoets. 

The results of the operations during the past year arc sliown 
in part in Part lY. of the Eighteenth Annual Report of the Sur- 
vey, which has been devoted to hydrograj)hy. 

In addition to the annual report, the Livision of lly (bio- 
graphy now has a separate series of publication s, refcriHKl (,o 
above, entitled, Water Supply and Irrigation Papers.’’ Of 
these about twenty-five have been prepared from the o})crationrt 
of the year. Six have already been printed, and othcrH arc in 
the hands of the printer or are awaiting publication. Tlu^ fol- 
lowing list gives the names of these, the order of papers after 
Ko. 13 not having been determined as yet. 
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Water-Su'pply and Irrigation Papers. 

1. Pumping Water for Irrigation, by Herbert M. Wilson, 

1896. 

2. Irrigation near Phoenix, Arizona, by Arthur P. Davis, 

1897. 

3. Sewage Irrigation, by George W, Rafter, 1897. 

4. A Reconnaissance in Southeastern Washington, by Israel 

C. Russell, 1897. 

5. Irrigation Practice on the Great Plains, by E. B. Cow- 

gill, 1897. 

C. Underground Waters of Southwestern Kansas, by Eras- 
mus Haworth, 1897. 

7. Seepage- Waters of Northern Utah, by Samuel Fortier. 

8. Windmills for Irrigation, by E. C. Murphy. 

9. Irrigation near Greeley, Colorado, by David Boyd. 

10. Irrigation in Mesilla Valley, by F. C. Barker. 

11. River-Heights for 1896, by Arthur P. Davis. 

12. Water-Resources of Southeastern Nebraska, by Nelson 

Horatio Darton. 

13. Water-Resources of the Devils Lake Region, North 

Dakota, by Earle J. Babcock. 


Notes on Six Months’ Working of Dover Furnace, Canal 

Dover, Ohio. 

BY ARNOLD K. REESE, SPARROWS POINT, MD. 

(Ijake Superior Meeting, July, 1S97.) 

Tt iH not tUo purpose of tlie writer to set forth in these notes 
anything new or siii'prising in hlast-furnaee practice, hut simply 
to lay hefore the Institute the somewhat unusual results ohtaiued 
(luring a period of six consecutive months, ending April 30, 
1806, at the Dover furnace of the Penn Iron and Coal Co., 
and to give, with these results, the conditions under which they 
were obtained, and all figures pertaining to that period. 

This plant was entirely rebuilt, on thoroughly modern and 
improved plans, in the spring of 1895, by Prank C. Roberts & 
Co., of Philadelphia. 
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A novel feature in the construction is the double or Y-shaped 
down-comer, so arranged as to take the waste gases from two 
openings at the top, each having an area equal to that of the 
single part where the two branches join, at a point below^ about 
midway between the top and the dust-catcher. 

This'^ construction is, I believe, in itself novel,* though its 
purpose may not be so. The area of the openings for the dis- 
charge of waste gases is increased, and consequently their 
velocity is reduced, which reduction in velocity tends to lessen 
the amount of fine materials, or flue-dust, carried oyer. This 
is an important point, as furnace-men well know, in regions 
where very fine ores are used, a large percentage of the dust 
consisting of these ores. Analyses of such flue-dust shov at 
times as much as 56 per cent, of metallic iron. 

As to the efficiency of this device I can draw no conclusions, 
having no figures from similar mixtures with the ordinary sin- 
gle down-take, but others who have such figures may find it 
interesting to compare them with those I give bcloiv. 

With the exception of a very few short periods, when coke- 
shipments were light and it became necessary to run to our 
stock-pile and fork coke, all fuel used at this furnace was draw n 
from bunkers, into which it ivas thrown from the cuirs, without 
screening of any kind, so that all dirt and small coke went into 
the furnace. I found that during the periods wlien forked coke 
was working on the furnace, the iron wms invariably hotter and 
the silicon higher, and that the forked coke would carry Irom 
800 to 400 pounds more burden per charge than the hunker- 
coke. Every barrow of coke was wmighed, except during periods 
of heavy or long-continued rains. 

The Dover qfiant consists of one stack 75 feet high, 1(5 feet 
6 inches in diameter of hosh, 10 feet 6 inches in diameter of 
hearth and 12 feet 6 inches in diameter at stoek-line. (For 
other dimensions, see Fig. 1.) There are three Clowper hoi- 
blast stoves with Roberts brick, 65 feet high by Ki feet in 
diameter; six 150-IT. P. Stirling water-tube boilers in three 


* I have since learned that a similar device is used at the Carrie furnace near 
Pittsburgh, though with somewhat different armugement, the branches at the top 
being horizontal and the down-comer vertical. At the Dover furnace, botli are 
inclined, and the great accumulation of dust which must take place in the hori- 
zontal branches is avoided. 
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batteries; two old double return-flue boilers (used exclusively 
for the pumps); one new improved vertical Allis blowing- 
engine, 42 iiicbes by 84 inches by 60 inches, with Eeynolds 
positive-closing discharge-valves; and one old Weimer blowing- 
engine (out of use for extensive repairs and remodeling), 42 

inches by 84 inches by 48 inches. 

During the entire period treated of in these notes the fur- 
nace was blown with the Allis engine alone, with a maximum 
speed of 45 revolutions per minute, giving a piston-delivery of 
17,268 cubic feet. (It may be needless to say that the Allis 
engine was run at its maximum speed constantly.) 

The fuel w'as standard Connellsville coke and was thiough- 
out of uniformly good character. 

Average of Eighteen Analyses of Coke, 

Volatile matter, 

Ash, 

Carbon, 

Silica, 

Alumina, 

Sulphur, 

The limestone was of a quality which could not be called 
first-class, being rather high (and varying considerably) in 
silica, though it was no worse than is used in many other 
places. 

Average Analysis of Eighteen JJnselected Samples from Pili\ 
taken during Fehruary and March, 

Tor cent. 

Silica, 

Alumina, 

Lime, 60.30 

Magnesia, 0.46 

Of these eighteen samples the highest silica was 8.00 per 
cent, and the lowest was 3.70 per cent No serions ti*oul>k^ was 
experienced from this source, though the more or U^sw fre*- 
quent sudden changes in the cinder may have been, anti prob- 
ably were, due to it. 

The ores were undoubtedly a choice selection; few, if any, 
existing in the Mesahi range better than the Franklin, both an 
to chemical composition and as to physical properties. The 


Per cent. 
3.65 
12.42 
83.12 
4.43 
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Aurora and Chapin are both good ores, while the Rex, Atlantic 
and Tilden, of which small quantities were used at times, 
though leaner than the former, are good working-ores. Vary- 
ing quantities of Marquette, mill-cinder (as silica introducers) 
and mill-scale were also used. 

The following table gives the average analysis of ores. 


Table I. — Average Analgsis of Ores. 



Mois- 

ture. 

Fe. 

SiOo 

P. 

S. 

CaO. 

AloOs 

MgO 

— j 

Mn. 

Franklin 

6.88 

64.44 

2.85 

.033 

.012 

0.18 

0.67 

0.060 

0.55 

Aurora 

9.0u 

63.10 

3.90 

.029 

.010 

0.10 

0.96 

0.050 

0.40 

Cliapin 

4.88 

61.25 

3.75 

.070 

.012 

1.16 

0.98 

2.80 

0.56 

Rex 

6.15 

57.11 

6.50 

.066 

.022 

1.38 

1.61 

3.00 

1.08 

Atlantic 

9.38 

62.75 

4.90 

.037 

.013 

2.08 

1.18 

0.129 

1.28 

Tilden 

14,76 

63.39 

4.31 

.038 

.010 

0.12 

1.00 

0.13 

1.18 

Marquette 

6.65 

43.18 

33.00 

.058 

.027 

0.23 

1.35 

0.18 

0.43 

Mill-cinder 


55.70 

23.95 

.162 

.597 


3.70 



Mill-scale 

1 


1.32 

.015 







All of these are well known to users of Lake ores and further 
comment on them is not necessary. 

Such a mixture was aimed at as would give 6 per cent, of 
SiOj 2 in the furnace, exclusive of that introduced with stone and 
fuel. It was considered more economical to obtain silicon in 
the iron from the presence of a higher percentage of SiOg in 
the burden, by the use of more lean ore high in SiOg (Mar- 
quette), than by saving at this point and obtaining the silicon 
at the expense of fuel; since the smaller the amount of SiOg in 
the burden, the hotter must be the furnace to reduce a given 
quantity of SiO^ to silicon. 

The general policy as to the cinder w^as to carry the most 
acid cinder with which it was possible to keep the sulphur 
below the limit, 0.05 per cent. 

The fuel unit throughout consisted of 5000 pounds of coke. 
Both coke- and ore-scales were tested weekly. 

For convenience in reading, the figures showing general 
results in monthly averages are given in tabulated form in 
Table II. 

Attention may be called to the fact that in the month of 
lowest fuel consumption (March) the greatest total output was 
obtained, with the smallest amount of re-melted iron. 
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Table IL — Conditions of Production. 


Month. 


’November 
December . 
January... 
February. . 

March 

April 


Total 


Average . 


Greatest varia- 
tion 


Oo 
o o 

oO 


2.16 

2.14 

2.19 
2.247 
2.28 

2.20 


2.203 


0.14 


C (T) 
+3 sh 
OO 

g o 


Tons.* 

5740.1 
6018.0 

6088.2 
6043.7 

6531.2 

6017.2 


36,440.4 


I 


Tons 
340 ?1 
136 
291 
157 
127 
201 


1252 


& 

c 


Tons.^ 
6080.1 
6154 0 

6379.2 
6200.7 

6660.2 
6218.2 


37,692.4; 


•<i <D 


Tons ’ 
202.6 

198.7 
205.78 
213 8 

214.8 
207.27 


207.09 


16.10 


cs 


Per ct. 

59.1 

60.7 

58.7 

59.0 

58.0 

58.2 


58.1 


2.5 


a 

C O 

^ S 


Pounds. 

1666 

1683 

1655 

1645 

1645 

1689 


1664.3 


44. 


s 


0.734 

0.741 

0.729 

0.72 

0.72 

0.74 


0.733 


0.02 


Month. 

Extra Time 
Lost 

Stone per Ton 
of Iron Pro- 
duced. 

Blast-Tem- 

perature. 

Blast-Pres- 

sure. 

Top-Tempera- 

ture. 

Piston Dis- 
place Cubic 
Feet Blast pei 
Minute. 

Per Cent No 

1 Bessemer of 
Output. 

Per Cent. No 

1 Bessemer of 
Pioduction. 


Hrs. 

Min. 

Pounds 

Fahr. 

Pounds 

Fahr. 

Cu. feet. 



l!7ovember .. 

12 

36 

753,6 

1050^^ 

6.75 

480° 

17268 

99.38 

99.34 

December ... 

30 

2 

780.5 

1080'=> 

6.5 

450° 

17268 

06.27 

96.19 

January 

16 

30 

811.6 

1050° 

6.5 

375“ 

17268 

96.65 

96.49 

February.... 

13 

20 

797.8 

1150° 

7. 

425° 

17268 

100.00 

100.00 

March 

3 

40 

759.1 

1150“ 

7. 

425° 

17268 

08.34 

9S.20 

April 

1 

56 

722.7 

1170° 

6.5 

450° 

17268 

98.42 

98.37 

Tntfl.l , 

78 

4 

















Average 


770.99 

1108.3° 

6.71 

434° 

17268 

97.895 

07.823 

Greatest va- 










riation 



89.00 


0.5 

105° 


3.73 

3.81 


The regular -workiiig of the furnace is shoivn in the line ol‘ 
greatest variation. 

Table III. gives the chemical analyses of products and Table 
rV. some further figures, furnishing additional means of com- 
parison. 

All of the chemical analyses -were made by Mr. David T. 
Croxton, then chemist of the works. 


* Ton = 2268 pounds. 
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Table III . — Analyses of Products. 


Month 

Cinder. 

Iron. 

Gas. 

SiOo 

CaO. 

AljOs. 

MgO. 

Si. 

s. 

P 

CO . 

COo . 

CO 

COo . 

November 

34.50 

43.00 

16.00 

5.00 

1.25 

.030 

.078 




December 

3 h 50 

42.00 

14 50 

5.00 

1.40 

.035 

,078 




January 

34.24 

43 38 

15.24 

4.96 

1.25 

.035 

.080 




February 

33.80 

43.28 

15.29 

* 4.29 

1.10 

.035 

.080 




March 

34.26 

43.32 

17.71 

4.48 

1.16 

.038 

.082 

22.66 

14.26 

1.59 

April 

34.93 

43.80 

13.51 





19.16 

15.42 

1.24 







Average 

34.37 

43.13 

15.37 

4.74 

1.23 

.034 

.079 

19.97 

15.15 

1 . 32 ^ 


As these tables are sufficiently explicit in themselves, further 
remarks upon them are unnecessary, except perhaps a few 
words on the extremely low ratios of CO to 00^ in the few 
analyses of gas taken from the furnace-top, which are far below 
the theoretical limit for economical work as given by Sir 
Lowthian Bell in his “Principles of the Manufacture of Iron 
and Steel.” 

Table IY. — Blast and Capacity. 


Month. 

Cubic Feet Air per 
Ton Iron. 

Cubic Feet Air per 
Pound Coke Con- 
sumed. 

Tons of Iron 
per Square 
Foot Hearth 
Area per 24 
Hours. 

Tons of Iron 
per 1000 Cubic 
Feet Cubic-Ca- 
pacity oi Fur- 
nace per 24 
Hours. 

rSal 

Iron. 

(2) 

Deduct- 

ing 

Rcmelt. 

(1). 

(2). 

(1). 

(2). 

November 

112,662 

121,079 

67.51 

2.500 

2.359 

16.74 

15.81 

December 

114,534 

117,123 

68.11 

2.508 

2.452 

16.80 

16.43 

January 

112,840 

118,235 

68.20 

2.544 

2,428 

17.05 

16.28 

February 

110,226 

111 , 43 > 

67.01 

2.604 

2.537 

17,45 

17.00 

March 

110,854 

113,009 

67.27 

2.590 

2.541 

17.36 

17.03 

April 

114,810 

118,645 

67.96 

2.501 

2.420 

16.76 

16.22 

Average 

112,654 

116,588 

67.68 

2.539 

2.456 

17.04 

16.46 


These ratios would seem, however, to be in keeping with the 
low fuel-consumptions accompanying them, and also with the low 
blast-temperatures obtained from the stoves, which should have 
been higher with a higher ratio of CO to CO, in the gases, and 
the small amount of blast blown per minute. 


* Average of 13 analyses. 
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I believe a gas similar to these was obtained at the Union 
Works of the Illinois Steel Company, as shown in the interest- 
ing paper of Mr. Whiting in Mol. XX. of the Transactions.* 

In Table Y. are given the ore-mixtures for each month. 


TABtB V . — Trofortions of Ores Used. 


Ores. 

Novem- 

ber. 

Pecem- 

Mber. 

Janu- 

ary. 

Febru- 

ary. 

March. 

April 

] 

May 


34.2 




33.41 

33.18 

29.35 


34.9 

34.9 
23.25 

j 

34.99 

34.99 

23.32 

$4.07 

$4.07 

$2.71 


3i2 

23.8 

si 41 

33.18 

36.02 



22.27 



A n VI /I 






i 24.69 

nr^T 7 ri rtw 


^ 

1 



22,12 1 
7.86 
3.66 

Marquette and Mill-cinder... 
IVfi 1 1 

8.8 j 

66 

0.3.3 

6.33 
0.37 1 

Oi o ) 
CO 

{'' 7.65 ' 
3.26 

t 9.70 
0.24 




Returning to the subject of the flue-dirt taken from the dust- 
catcher, I have the figures contained in Table MI., which are 
necessarily approximate. 

They are derived from a record of the number of cart-loads 
of dust taken out each day, a number of these having been 
weighed and their average weight taken as a basis for tl le esti- 
mate. As the dust was cooled with water before being thrown 
into the carts, the figures will tend to be too high rather than 
too low. 

From analyses of the flue-dirt, which gave, rvhon dry, up- 
wards of 56 per cent, of metallic iron, it may be as.sumc(l, with 
a considerable degree of accuracy, that the dust contained fully 
90 per cent, of iron-ore. 

On this assumption, tlie figures in the fourth colnrun of Table 
MI. have been made. 

Only very small quantities of dust wmre taken from time to 
time irom the combustion-chambers of the stoves tind boilei’K ; 
and not once during twelve mouths was it found necessary to 
take oflf a stove for cleaning. Upon examination of tlu^ stovt's 
after a year’s run, in only one, the furthest from the furnace, 
was any considerable quantity of dust found. 

An examination of Table MI. shows that, with an approxi- 
mately constant p>ereentage of Mesahi ore in the burden, we 


* tPrans., xx., 280 . 
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Table YI. — Approximate Quantity of Flue-Dust Taken from 
Dust-Catcher. 


Month. 

Weight of 
Dufet. 

Total Weight 
of Ore 
Charged 

Per Cent 
of Mesabi 
Ore 

Per Cent, 
ol Total 
Ore m 
Dust 

November 

Pounds 

454.720 
235,200 
277,760 
275,520 
374,080 

398.720 

Pounds 

21,907,760 

22,202,610 

23,203,860 

22,921,800 

25,014,460 

23,131,240 

33.15 

1.87 

Deeember 

34.88 

0.95 

J anutiry 

34.99 

1.07 

E'ebrufiry 

34.07 

1.08 

March 

33.41 

1.34 

April 

33.18 

1.55 


Total 

2,016,000 

138,381,730 






Average 



33.947 

1.31 

1 . . 




have a very low relative percentage of flue-dust in the months 
of December, Januai*y and February, with a decided increase 
as wo advance through March and April, and a like increase 
in November. A very simple explanation is found for this in 
the condition of the ores, due to the effects of the season. The 
lowest percentages are in those months when the ores were 
charged either in a frozen or very moist condition, due to 
winter rains, snows and ‘frosts. The quantity of dust increases 
as we approach the drier months, until we reach May (usually 
a very dry month), when a relatively excessive quantity is 
found. A similar increase ^vox^l(\ undoubtedly be found in 
September and October, were figures for these months at 
hand. 

Comparisons with these figures should be made by months, 
and climatic conditions should be taken into account. 


The Influence of Lead on Rolled and Drawn Brass. 
by brwtn s. speeey, beidoeport, conn. 

(Xjake Superior Meeting, July, 1897.) 

Metals differ widely in tbeir behavior under the cutting- 
tool. Some, like iron or steel, require a slow speed and light 
feed, a tool shaped differently from that used for other metals. 
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and usually oil must be applied to the work in order to obtain 
a free cut. Others, like east-iron, are ivorked with a speed 
somewhat higher, and a cut considerably heavier than that em- 
ployed for iron or steel, and commonly no oil is applied, while 
others can not only be cut without oil, but the speed can be 

very higli. . 

An exaTnj)le of this last class is brass, an alloy employed in 
the arts for purposes demanding a free-working material pos- 
sessing moderate strength. The name brass, however, is a 
term of considerable latitude. It is generally associated with 
a materia] of excellent cutting-qualities,* hut the variation is 
great in this respect. As a rule, the lower the brass the moi e 
difficult it is to cut. As the composition approaches pure cop- 
per it becomes, like this metal, one of the most troublesome 
substances known to maebine. 

If the alloy is made from pure copper and spelter (zinc), the 
result is a material wholly uiisuited for certain uses ; its chips 
are long and tenacious ; a slower speed must be employed in 
cutting, and even oil must be applied in many instances. It 
drilled at a high speed, the drill is liable to become drawn in 
and broken, and a burr is left on the reverse side which in- 
quires extra treatment to remove. If employed in an auto- 
matic machine, such as a screw-machine, the chips are liable to 
obstruct the mechanism. In filing, the file soon becomes 
clogged with particles of metal, which abrade the work in 
grooves difficult to obliterate. 

For certain classes of work, such as spinning- or <‘arti'idge- 
brass, these qualities are essential^ but for others, like clock- 
brass or screw-rod, they are almost prohibitory. Practicii has 
decided that for the latter purpose all elements of a refractory 
nature shall be removed, and an alloy produced ivhiffi) can be 
worked free at a high speed. The difficulty can be ]iartiully 
overcome by making an alloy which will give short chips, but 
an alloy of this description must still possess aiifficieut diu*- 
tility to roll and draw. The methods of making such un alloy 
are as follows : 

1. By making the brass very high, say not below e()]q)er, 55, 
and zinc, 45 per cent. Such a mixture could he broken down 

* The terms and ‘‘Zow” are now accepted phraseology, and are used 

to designate the contents of zinc. Low brass contains less zinc than high brass. 
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hot, hut oven then would be unsuitable on account of its hard- 
ness and difficulty of rolling or drawing. The chips of the 
alloy are fairly short, but the speed of working would have to 
be slow, on account of the hardness. 

2. By the addition of tin. Tin, even in small quantities, 
hardens brass, and gives a metal similar to that proposed in 
the first case. The chips are short if the content of tin is suffi- 
cient, but the hardness is too great for a high speed. 

3. By the addition of lead. This method of producing free- 
working brass is now practiced in all the brass-manufacturing 
establishments in the world. How long it has been known I 
am unable to say. It was probably discovered by accident, as 
the following extract, taken from an old metallurgical work* 
will show. The oiuginal article is present in a contemporary 
workf which I was unable to consult. The translation is as 
follows : 

“ The results of observations made by M. Cliandet are that brass usually made 
from copper and ziuef oftentimes contains from 2 to 3 per cent, of lead. It even 
appears that this metal gives to the brass properties much sought for by turners ; 
in fact, M. Chaudet, haviiig had occasion to analyze three samples of brass, found 
that two of these samples, prized for turning, bxit not at all suitable for hammered 
work, contained, in the one case, 2.86, and, in the other, 2.15 per cent, of lead, 
wliile the third, valued highly for hammered work and employed with difficuliy 
for turning, contained only traces. M. Chaudet is certain, besides, that in coni; 
bination with such a (quantity of lead, brass is rendered less ductile, and assumes 
properties which turners desire. Lead gives to brass the quality of ^‘shortness,” 
and oliviaics the necessity of oiling the wox’k when it is desired to prevent the 
metal from clogging the tool and the chips to be freed from it under its influence. 
Leaded brass can be sawed, slit and drilled with neatness and precision.’^ 

It appears, therefore, that if, before that time, lead was added 
to brass to give it such properties, the knowledge was a trade 
secret; ]>ut in all probability its presence in the samples inves- 
tigatoil by M. Chaudet was an accident, for in those times both 
yAne and copper contained considerable lead, especially the latter, 
whicli was added purposely in the copper-refining process. 

The credit of the discovery of the fact that lead gives to 
brass desirable cutting-qualities is undoubtedly due to M. 

^ Nouveau Manuel Complet des AUiages MitalliqwSj par A. Herve, Paris, 1839, 
page 362. 

t Mamiel de Msayeur, page 370. 

% Percy’s Metallurgy, yo\. I — Copper, Zinc and JSross, page 621. In contradis- 
tinction to brass made by the old calamine method, now obsolete. 

VOL. xxvn.— 33 
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Cliaudet, and is a valuable one from a metallurgical stand- 
point, for if such a practice were not followed at the present 
time, methods would have to he changed at the expense of 
economy of production. 

The consumption of brass containing lead is very large, and 
such material is known to the trade as “ lectdcd-brnss, of which 
^^clock-brass” and screw- or drill-rod” are two of the most 
common and largely-used varieties. The amount of lead 
added to such a mixture is from 1 J to 2 pounds per hundred. 
This amount is sufficient to give the alloy the desired properties. 

Tigs. 1 and 2, reproduced from photographs, will show the 
effect of a small amount of lead on brass. Fig. 1 sho-ws chips 
turned from an alloy consisting of pure copper and zinc with- 
out lead. The chips are long and tenacious, and an alloy pro- 
ducing such chips is wholly unsuited for use in an automatic 
machine intended for working brass. Fig. 2 shows chips 
turned from brass of the same composition as that of Fig. 1, 
but with the exception that it contained 2 per cent, of lead. 
The chips in this case were very short, and a much higher 
speed could be employed in cutting. These two alloys would 
probably show nearly the same degree of hardness, but the 
cutting qualities are so dissimilar that one would hardly be- 
lieve the composition to be almost identical. 

Just what this action of lead on the brass is, that such a 
change should be produced in its physical properties, has been 
incompletely understood. M. Chaudet says that brass is ren- 
dered less ductile by such an addition, but it is evident tliat the 
ductility cannot be much reduced, as the alloys will roll and 
draw perfectly. In order to investigate this matter, and, if 
possible, find the effect of the load in varying (pmutititss, the 
following experiments were made : 

Varying amounts of lead were added to brass of a constant 
composition, and the resulting alloys were tested. For the 
materials the purest Lake copper, Bertha zinc, and pure de- 
silverized lead were used. The copper was melted in a edean 
plumbago crucible under a layer of charcoal, care being taken 
to avoid overheating. When melted the zinc was added, atid 
lastly the lead ; and the whole mixture afterwards thoroughly 
stirred with a plumbago stirrer. The molten metal was 
next poured into an iron mould, |-inch by 2 inches by 12 



Fig. 1. 



Brass Chips Free from Lead. 


Fig. 2. 



Brass Chips Containing 2 per cent, of Lead. 
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indies inside. The pouring was made at the lowest possible 
temperature, and the surfaces of the mould were coated with 
sperm oil. In order to make sure that the lead was thoroughly 
distributed through the alloy, a second stirring was given just 
before pouring. The surfaces of the plate were overhauled 
after being cast by planing, so as to obtain a clean surface be- 
fore rolling. The various annealings were made with gas. 

Experiment A, — Copper 60, Zinc 80, and Lead 10 per cent. 
Melted 6 pounds of copper and then added 3 pounds of 
zinc, and afterwards 1 pound of lead. The metal was allowed 
to attain a temperature sufficient for pouring without forming 
cold shuts,’’ and then poured into the mould previously men- 
tioned. This temperature was found to be suitable in all cases 
when it smoked freely but not excessively. The molten metal 
ran very free, even better than the brass without lead, probably 
on account of the increased fusibility. The appearance of this 
alloy on a surface exposed to the air while melted, such as an 
ingot-top, was wholly unlike that of brass free from lead ; the 
surface in this case being nearly black and free from the 
wrinkles ” so prominent in brass free, or nearly free, from 
lead. The alloy was cold-rolled with considerable difficulty, 
as a strong tendency to crack was manifested. The bar was 
planed to a thickness of 0.472 inch and then rolled to 0.352 
inch — a reduction of 25 per cent. It cracked on the edges and 
also checked ” on the surface. Hemoved the “ checks ” by 
B(!raping and then annealed, picldcd, and rolled from 0.352 to 
0.247 inch — a reduction of 29 per cent. 

Checked” considerably more during this reduction than 
before, and the edge-cracks increased in size. Eemoved the 
‘'‘^checks” as before, and then annealed, pickled, and rolled 
from 0.247 to 0.163 inch — reduction of 34 per cent. 

The checks” were not as prominent as before, but the 
edge-cracks were increased in size considerably. Annealed 
aiid treated as before, and rolled from 0.163 to 0.111 inch — a 
reduction of 32 per cent. 

The checks ” were now entirely obliterated, but the metal 
still crac^ked on the edges to an enormous extent; so much so, 
in fact, that it was almost impossible to obtain a considerable 
length of sheet. Annealed, pickled, and rolled from 0.111 to 
0.075 inch — a reduction of 32 per cent. 
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Cracks increased in size. Annealed, pickled, and rolled 
from 0.075 to .046 inch — a reduction of 38 per cent. 

This last reduction was the maximum possible between an- 
nealings, as the sheet began to laminate on the eiid. When this 
alloy was annealed, drops of lead liquated from the metal, and 
even became of considerable size before a red heat was reached. 
Each successive annealing did not seem to lessen the amount. 
It could be rolled hot, or forged at a cherry-red heat, but 
cracked badly during the operation. If the heat was other 
than a cherry-red, it could not be forged at all. The cutting 
qualities were excellent, the metal was not too hard, the chips 
were quite short, and a high speed could be utilized ; in fact, the 
properties were all that could be desired in such a composition. 
The alloy w’ould not be of any service in the arts, however, on 
account of the extreme difficulty of rolling, the troublesome 
feature of the lead sweating out when annealed, and the diffi- 
culty of obtaining a homogeneous alloy when made in large 
quantities, due to the tendency of the lead to settle down in tlie 
bottom of the crucible, or even in the mould itself. The follow- 
in results were obtained from the cast and rolled metal: 

O 

Bar case in iron mould (cut from plate). Annealed Sheet. 

Length, , . . , 12 in. 12 in. 

Diam., .... 0.291 in. Dimensions, . , 0.460 by .0405 in. 

Sect, area, . . . 0,0665 sq. in 0.02139 in. 

Tensile strength, . . 1974 lbs 760 lbs. 

Tensile strength per sq. 

in., . . . . 29,670 lbs 35,000 lbs. 

Elongation in 1 in., . . 36 per cent 20 per cent. 

('Fractured section.) (Fractured section.) 

Elongation in S in., . . 30 per cent 16 per cent. 

Diam. of fracture, . . 0.245 in. Dimensions of fnic. , . 0.038 by 0.418 in, 

Keduction of area, . . 29 per cent 25 per cent 


Bard*Eolled Sheet. 

Length, 

Dimensions, 

Sect, area, 

Tensile strength, 

Tensile strength per sq. in., . 

Elongation in 1 in., 

Elongation in 8 in. , . . . . 

Dimensions of fracture, 

Keduction of area, .... 


. . 12 in. 

0,0465 by 0,372 in. 
0.0173 sq. in. 

. 1100 lbs. 

. 03,500 lbs. 

. * 2 per cent. 

. . 0.3 per cent, 

0.370 by 0.045 in. 

. . 4 per cent. 


The fracture of this alloy was very short, almost granular, 
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and tlie color gray. With a lens, minute globules of lead could 
be distinguished through the entire mass, more numerous near 
the bottom of the ingot. In an ingot cast in an open mould 
were found gray patches near the bottom of the fracture, and 
yellow ones near the top ; the former were proven to be pure 
lead, and the latter were probably brass containing little or no 
lead. The color of the polished surface of this alloy was yellow, 
but of a much lighter tint than the same alloy without the lead. 
The shrinkage of this composition was greater than that of any 
of the succeeding alloys. 

Experiment B. — Copper 60, Zinc 35, and Lead 5 per cent 

Melted 6 pounds of copper, added 3J pounds of 2 iinc, and 
afterwards pound of lead. Poured into the same mould as 
that used in Experiment A. The melted metal ran very free, 
and no ditfercnce could be distinguished between this alloy and 
that containing 10 per cent of lead. The appearance of the top 
of an ingot was quite difterent from that of the preceding alloy; 
the color was yellow, with more or less black oxide present ; the 
surface, while' not as rough as that of the pure brass, still had 
more of a resemblance to it than that of the 10 per cent, alloy. 
The flat plate cast for rolling was planed on both sides until 
the thickness of 0.456 inch was reached, and the surfaces were 
perfectly clean. It was then rolled from 0.456 to 0.370 inch — 
a reduction of 18 per cent. 

Jiegan to check’’ on the surface, but no edge-cracks ap- 
peanal. Annealed, pickled, and rolled from 0.370 to 0.290 
inch, a reduction of 22 per cent. 

IVlorc surface checks” appeared, and also small cracks on 
the edges. Removed the checks ” by scraping and then an- 
nealcal, pickled, and rolled from 0.290 to 0.197 inch, a reduc- 
tion of 32 per cent. 

Orackcul more on the edges ; and the checks ” appeared 
again. Removed the latter and then annealed, pickled, and 
rolled from 0.197 to 0.118 inch, a reduction of 40 per cent. 

Cracked considerably on the edges, but no checks ” ap- 
peared. Annealed, pickled, and rolled from 0.118 to 0.046 
inch, a reduction of 61 per cent. 

No checks appeared, but the sheet cracked very badly on the 
edges, and also began to laminate on the end, proving that the 
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reduction had reached the maximum between annealings. 
When this alloy was annealed, no drops of lead appeared, such 
as liquated from the alloy containing 10 per cent, of lead. 
This composition rolled hot and forged like the previous alloy, 
that is, only at a cherry ^red, and then with difficulty. No dif- 
ference was noticed in cutting-qualities between this alloy and 
the previous one ; the chips being quite short and the material 
an ideal one in such respects. The difficulty found in rolling 
this alloy would hinder its use in the arts as a rolled or drawn 
material. The lead, however, did not manifest any tendency 
to liquate in the small bars cast ; but it might do so in a larger 
mass. The following are the results obtained on rolled and 
cast material : 


Cast in iron moald (cut from plate). 


Annealed sheet. 


Length, . 

Diana., 

Sect, area, 

Tensile strength, 
Tensile strength per sq. 
Elongation in 1 inch, 
Elongation in 8 inches, 
Diaro. of fracture, 
Eeduction of area, . 


. 12 in. 

. 0. 295 in. Dimensions, 
. .0683 sq. in. . 

. 2260 lbs. 


. . . 12 in. 

0.0465 by 0.477 in. 

. 0.02218 sq, in. 
934 Iba. 


in., 33,080 lbs 

. 28 per cent 

. 27 per cent 

. 0.253 in. Dimensions of frac., 
. 26 per cent 


42,100 lbs. 

. 26 per cent. 

. 22 per cent. 
0.035 by 0.425 in. 
. 33 per cent. 


Hard-Rolled Sheet. 

Length, 

Dimensions, 

Sectional area, 

Tensile strength, 

Tensile strength per sq. in . 

Elongation in 1 in., 

Elongation in 8 in. , 

Eeduction of area, .... 


12 in. 

0.046 by 0.576 in. 
0.0264 sq. in. 
1622 lbs. 

61,400 lbs. 

1 per cent. 

Inappreciable. 

None. 


The fracture was very short-grained, similar to that of the 
preceding alloy. The color of the polished metal was ycdhmq 
but of a slightly lighter tint than the 10 per cent, alloy, Miuuiu. 
globules of lead could be discerned in the fracture if (^xianuned 
with a lens, but were not so pronounced or numorons as those 
of the previous composition. The lead in the alloy seoTned to 
be more thoroughly combined, and no tendency to li<piate was 
noticed in the cast bars. The shrinkage was nominal ; and the 
general appearance was so nearly like that of ordinary brass 
that the difference was hardly noticeable. 
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Experiment C . — Copper 60, Zinc 37.5, and Lead 2.5 per cent 

Melted 6 pounds of copper under cliarcoal and then added 
3| pounds of zinc and J pound of lead. Poured into mould of 
the same size as before. Some difference could be distinguished 
in the running quality between this alloy and the others men- 
tioned before. The outside appearance was similar to the pure 
brass, except that a trace of black was present on the top of the 
ingot. The plate was planed on both sides as before and rolled 
from 0.510 to 0.406 inch, a reduction of 20 per cent. 

Cracked considerably on the edges and the surface 
checked ’’ a little. Annealed, pickled, and rolled from 0.406 
to .330 inch, a reduction of 17 per cent. 

Cracked slightly on the edge but did not check.’’ An- 
nealed, pickled, and rolled from 0.330 to 0.217 inch, a reduc- 
tion of 34 per cent. 

The edge-cracks increased slightly in size. Annealed, pickled^ 
and rolled from 0.217 to 0.137 inch, a reduction of 36 per cent. 

Cracks increased considerably in size. Annealed and rolled 
from .137 to .047 inch, a reduction of 65 per cent. ’ 

Tliis last reduction was the maximum, as the sheet began to 
laminate on the ends. No lead liquated from this alloy when 
annealed, and it could only be hot-rolled or forged with diffi- 
culty, the tendency to crack being nearly as great as that of the 
preceding compositions. The cutting-qualities were excellent, 
but not quite as satisfactory as those of the alloys containing 
more lead. While this composition showed a tendency to 
crack in cold-rolling not manifested in the alloy free from lead, 
less txoublo would be experienced with it than with the other 
lead alloys. The tests made on the sheet- and cast-metal gave 
the Ibllowing results: 


Cast iu iron mould (cut from plate). 

Annealed Sheet. 

Length, . 

. 12 in. 

. 

. 12 in. 

Diam., . 

. 0.291 in. 

Dimensions, 

0.457 by 0.0475 in. 

Sect area, . . 

. 0.0665 sq. in. 

. 

0.0217 sq. in. 

Tensile strength, 

. 2590 lbs. 

. 

. 1100 lbs. 

Tensile strength per 

sq. 



in., 

. 38,940 lbs. 

. 

. 50,700 lbs. 

Elongation in 1 in., 

. 28 per cent. 

. 

. . 27 per cent. 

Elongation in 8 in., 

. 27 per cent. 

. 

. 23 per cent. 

Diara. of fracture, . 

. 0.247 in. 

Dimensions of f rac. , 

, 0.3G5by 0.397 in. 

Bed notion of area, . 

. 30 per cent. 

.... 

. . 33 per cent. 
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Hard-Rolled Sheet 

Length, 

Dimensions, 

Sectional area, 

Tensile strength, 

Tensile strength per sq. in., . 

Elongation in 1 in., .... 

Elongation in B in., .... 

Keduction of aiea, 

The fracture of this alloy was radically different from that 
of the previous compositions, showing no trace of liquation, 
and instead of the absence of crystalline formation characteriz- 
ing the other alloys, this formation wms present, and the gen- 
eral appearance of such a fracture was similar to that of the 
brass without lead, the only difference being the color, which 
in this case plainly showed the effect of the lead by having a 
grayish-yellow tint. iTo globules could be distinguished in 
the fracture, even with a lens, but the metal scorned to be 
nearly homogeneous and the fracture was still quite short. Ihe 
color of the polished metal wms yellow, and could not be dis- 
tinguished from that of pure brass. 

Experiment E. — Copper 60, Zinc 38.75, cind Lead 1.25 per cent* 

Melted equal parts of the alloy containing 2.5 per taml. of 
lead, and that containing none (Experiment E.). Toured in 
the same bar as before, but did not try the rolling process, as 
the experiment was made for the purpose of investigating the 
cutting-qualities. In this respect the metal was much inferior 
to the alloy containing 2.5 per cent, of lead; the chips woro 
short, however, and the cutting-properties considerably superior 
to those of the pure brass; but the metal wms incliiu‘<l to 
toughness, and the chips were not as short as noecissmy ibr 
use as a free-cutting alloy. 

Experiment E. — Copper 60 mid Zinc 40 per cent. 

Melted 6 pounds of copper under charcoal and then added 
4 pounds of zinc and poured into a mould of the same <Umeu- 
sions as before. The metal did not run quite as fre(^ ns the 
alloys containing considerable lead, but was not a sluggish ma- 
terial, however, no trouble being exi)erienced in running it 


. . 12 in. 

0.458 in. by 0.0465 in. 
. 0.0213 sq. in. 

. 188 Ubs. 

. 88,400 lbs. 

. . None. 

. . None. 

, . None. 



Pounds per square inch 
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into the plate for rolling. Planed both sides of the plate until 
the thickness was 0.404 inch and then rolled to 0.102 inch, a re- 
duction of 76 per cent. Cracked slightly on the edges, but did 


Fig. 3, 



Lead 1 % 2 % 8^ 5 % 


Alloys of Copper, Zinc and Lead, Containing 60 per cent, of Copper. 

d, Tensile strength of annealed sheet. e, Reduction of area in cast metal. 

5, ‘‘ cast metal. /, “ “ annealed sheet. 

c, Elongation in 1 in, of cast metal. g. Elongation in 1 in. of “ “ 

d, Sin. h, “ Sin. “ ‘‘ 
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not check.^’ Annealed, pickled, and rolled from 0.102 to 
0.008 inch, a reduction of 92 per cent. Cracks increased slightly 
in size, hut no checks’’ appeared. For making the succeed- 
ing test, a piece was rolled to 0.043, in order to have the same 
thickness used in the previous tests, and thus preserve the 
uniformity. 


Cast in. iron mould (cut from bar). Annealed sheet. 

Length, . . . . 12in. 12 in. 

Biam.j .... 0.293 in. Dimensions, 0.483 by 0.043 in. 

Sect, area, . . . 0.0074 sq. in 0.0207 sq. in. 

Tensile strength, . . 3080 lbs. . . . • • 1252 lbs. 

Tensile strength per sq. in. 45,700 lbs. ..... 00,400 lbs. 

Elongation in 1 inch, . 48 per cent 51 per cent. 

Elongation in 8 inches, . 27 per cent. ..... 33 per cent. 

Diam. of fracture, . . 0.181 in. Dimensions of fracture, 0.373 by 0 031 in. 

Reduction of area, . .61 per cent 44 per cent. 

Hard-Eolled Sheet. 

Length, 12in. 

Dimensions, ...... 0.0495 by 0.385 in. 

Sect, area, ........ 0.019 sq. in. 

Tensile strength, ... ... 2040 lbs. 

Tensile strength per sq. in 107,000 lbs. 

Elongation in 1 inch, 1 per cent. 

Elongation in 8 inches, Inappreciable 

Dimensions of fracture, 0.040 by 0.359 in. 

Eed action of area, 13 per cent. 


This alloy, known as Muntz, Yellow or Sheathing Metal,”*' 
exhibited characteristics wholly unlike the alloys containing 
lead. The fracture was crystalline, the color yellow, and the 
alloy perfectly homogeneous. The chips were long and tema- 
cioiis, necessitating a slow speed in cutting. The nu^tal would 
roll hot or forge at a cherry-red heat, hut cracked if the licat 
was above or below this point. The classification in l\ihlc. L 
will serve to compare the various results obtained. In Fig. 3 

* So called after the inventor, G. F. Muntz (see English patent No. 032") of 
1832), and now produced by brass manufacturers, on account of its property of 
being malleable while hot. In practice it is preferable to add to 100 poimds 
about 1 pound more of spelter than given above, on account of the danger of vola- 
tilization, bringing the alloy too low to hot-roll well. If the alloy contains nitudi 
more than 60 per cent, of copper it is more liable to crack when rolled hot, btit 
if the content is less the difficulty is avoided, as alloys containing between 50 an<l 
60 per cent, of copper roll hot equally well. On the other hand, if tlie content 
of copper (actual) is much less than 60 per cent, the alloy becomes too hard to 
roll cold satisfactorily, but the proportions given above yield an alloy Buitable for 
this purpose. 
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the results have been arranged graphically. From these re- 
sults it is difficult to discover the reason for the properties pro- 
duced by the presence of lead in brass. The tensile strength 
is lowered, but many metals of lower tensile strength than even 
30,000 pounds per square inch (copper or tin) are extremely 
difficult to work. The elongation and reduction of area are 
also lowered, but many alloys are known of low elongation, 
whose cutting-qualities are inferior (e.y., genuine Babbitt 
metal or zinc). Taking the average results obtained in the 
reduction by cold-rolling, it will be readily seen that the malle- 
ability is inversely proportional to the contents of lead. From 
the fact that in the alloy containing 10 per cent, of lead this 
element liquated during annealing, and the well-known^ fact 
that lead does not produce homogeneous alloys with either 
copper or zinc, it is probable that this metal forms, with biass, 
not a homogeneous alloy, but a mechanical mixture. The lead 
thus prevents the particles of brass alloy from uniting thor- 
oughly and so produces a mass consisting of two separate sub- 
stances between which there is little or no affinity, both, how- 
ever, having enough ductility to roll or draw. On the other 
hand, when the mass is cut, the slight affinity existing al- 
lows some of the particles to be easily torn apart. The lead 
also, undoubtedly, acts as a lubricant, and thus prevents the 
tool from clogging. 

Many authors recommend a slight addition of tin as beneti- 
cial in a free-turning alloy, but its use is detrimental rather 
than otherwise; tin, as is well known, even in small amounts, 
hardens and increases the tensile strength of brass, qualities 
not sought for in a free-turning alloy. 

Thurston* gives the following alloys as best suited for turned 
work: 



I. 

II. 

III. 

IV. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Copper, . 

. 61.6 

C6.5 

74.5 

79.5 

Zinc, 

. 35.3 

33,0 

25.0 

20.0 

Lead, 

, ‘ . 2.5 

none 

none 

none 

Tin, . 

. 0.6 

0.5 

0.5 

0.5 


In reference to these alloys it may be well to say that l)rass 
as low as the two latter compositions should not be used for the 
base of a free-turning alloy, as tlie natural softness is not suit- 

* Maiefiah of Engineering , Part iii., Brmm and Eronze.% p. 224. 
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able. In regard to the three alloys containing no lead it would 
he well to bear in mind that trouble will follow if such com- 
positions are used for this purpose. An alloj^, such as given 
above, containing only 20 per cent, of zinc and no lead is ex- 
tremely tough and the chips are quite long ; its employment in 
the arts for a free-cutting material would be ruinous, both to 
the tools and to the company making the metal. 

Chaudet* gives an analysis of a brass intended for lathe-work 
or tiling as follows : 

Per cent. 

Copper, 65.80 

Zinc, 31.80 

Lead, 2.15 

Tin, 25 

He says that the presence of tin wms probably accidental. 

Guettiert mentions an alloy suitable for turning as com- 
posed of 

Per cent. 


Copper, 61.6 

Zinc, 35.3 

Lead, 2.5 

Tin, .5 


In vieAV of the fact that these authors give tin as an ingredient 
of brass intended for turning, it may be well to say that no 
brass intended for this purpose is made at the present time 
containing tin, and, as previously remarked, its use is to be 
avoided. 

Lo(*keJ mentions a brass alloy suitable for turning, consist- 
ing of 

Per cent. 


(Copper, 65 

'/Am, 33 

Lead, 2 


KrnppS gives two forraulfe for brass of a quality whieli he 
(uills “ short.” lie does not say that it is adapted for any par- 
tieular purpose, but he undoubtedly moans that it is suitable 
for turning. The proportions are : 


* Maimelde I’Esaayeur, p. 370. 
f Guide l^atique dee AUiagea MUalligues, p. 303. 
J Worhhop Receipts, Third Series, p. 10. 
g Die Legirmgen, p. 79. 
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Copper, 
Zinc, . 
Lead, . 


I. n. 

Per cent Per cent. 
63.66 65.5 

33.82 32,4 

2.52 2.1 


Bisehoff* states that brass intended for fine wire should be 
free from tin and lead. He analyzed a rod which he states had 
the quality of “ shortness,” and obtained the following results : 


Copper, . 

Zinc, 

Lead, 


Per cent. 

65.5 

32.4 

2.1 


Percyf says that it is usual to introduce a small amount ot 
lead into brass intended for turning, in order that the chips 
may leave the tool easily. He mentions that it is custoniaiy 
to add three ounces of lead — about 2 per cent. — to 10 lbs. 
of alloy, and that the addition should be made after tlic cruci- 
ble has been removed from the fire, and then afterward well 
stirred, t 

Kerl§ says that the presence of from 0.10 to 0.30 per cent, of 
lead in copper renders it both cold- and red-short, and that if 
containing even 0.10 per cent, of lead it is no longer fit for 
making fine brass sheet or wire. On the other hand, ho says 
that a small amount of lead seems to increase its facility for 
rolling and is therefore added to copper of good quality intended 
for rolling. These two statements contradict one another; and 
while the first is entirely wrong the second is misleading. 
Lead is not added to copper at the present time, as its use has 
been found to be injurious, yet the presence of as small an 
amount as 0.10 per cent, in copper does not unfit it for use in 
making brass, for an analysis of cartridge-brass sheet, whiidi 
was being used by a cartridge-manufacturer with exeelhmt re- 
sults, gave : 


* Etipferj p. 161. 

f Metallurgy — Copper^ Zinc and JBrasSf p. 621. 

I Tills method of procedure is not followed at the present time, nor is it at all 
necessary. The lead is added to the mixture in the crucible, after the zinc has 
been introduced, and while the crucible is still in the fire. The operation is much 
facilitated by this method, and the alloy produced is perfectly satisfactory, pro- 
vided the mixture is thoroughly stirred immediately before pouring. 

§ Treatise on Metallurgy, Crookes and Rohrig^s translation, voL ii. Copper 
and Iron, p. 81. 
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Copper, 
Zinc, 
Lead, . 
Iron, 


Per cent. 
66.06 
33.55 
.08 
.07 


If copper containing 0.10 per cent, of lead had been used in 
making this alloy the composition produced would only have 
contained 0.06 per cent, of lead. In fact, the content was 0.08 
per cent, and yet the alloy was perfectly suitable for cartridge- 
metal, a material receiving enormous punishment in the pro- 
cess of manufacture. Brass should not contain much over this 
amount, however, as the liability of cracking in drawing is 
thereby increased. As no trouble is experienced in making 
brass containing less than 0.10 per cent, of lead, specifications 
for high-grade metal should limit the contents to this amount 
An analysis of a rod -|-inch in diameter, and found to be ex- 
cellent lor turning, gave the following results. The metal was 
manufactured by the maker having the best reputation for this 
lino of woi'k : 

Per cent. 


Copper, 62.88 

Zinc, 35.03 

Lead, 2.09 


All aniilyBis of clock-brass made by another concern produced 
the following results : 

Per cent. 


Copper, . . 61.36 

Zinc, 36.22 

I.cad, 2.44 

Iron, *10 


A tost of the annealed sheet gave results as follows : 


Lengtli, , . . . 

Bimennions, 

Sectional area, . 

Tensile atrengtli, 

Tensile strength per sq. in., 
Elongation in 1 in., . 
Elongation in 8 in., . 

Bed action of area, 


12 in. 

0.842 in. by 0.026 in. 
0.0219 sq. in. 

1100 lbs. 

60,000 lbs. 

44 per cent. 

38 

50 


Altliougli clock-brass made after the usual formula will roll 
hot, if great care is used, so much difficulty is encountered from 
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cracking during rolling tliat it has become universal practice 
to roll the alloy cold, like ordinary brass. 

Tests of leaded screw-rods, hard-drawn, gave the following 


results : 

Length, 

Diam., 

Tensile strength, 
Tensile strength per sq. 
Elong. in 1 in., . 

Elong. in 8 in., . 

Diam fract. , 

Red. area, . 


I. 

12 in. 

. 0.248 in. 

. 3,120 lbs. 

in., 64,500 lbs. 

. 30 per cent. 

. 10 per cent. 

, 0 160 in. 

58 per cent. 


II. 

12 in. 

0.233 in. 

2,660 lbs. 

62,400 lbs. 

27 per cent. 

13 per cent. 
0. 140 in. 

63 per cent. 


Iir. 

12 in. 

0.294 by 0.295 in. 
4,630 lbs. 

54,000 lbs. 

46 per cent. 
26 per cent. 
0.200 by 0.204 in. 
53 per cent. 


These samples were made by different manufacturers. 

The increasing use of automatic cutting-machinery, etc., has 
demonstrated the fact that the best results are only to bo ob- 
tained by the employment of an alloy containing lead, and the 
most successful manufacturers of such material arc those who 
are able to introduce the maximum amount of lead into the 
mixture and yet be able to roll or draw the product. The 
forraul?e now used by brass-makers for “ leaded stock ” arc 
almost identical with one another, but the product often differs 
through faulty manipulation. The proportions are as follows : 

Per cent. Ter cent. 

Copper, . . .60.0 Copper, . , . 60.0 

Zinc, .... 38.5 or Zinc, .... 38.0 
Lead, . . . .1.5 Lead, .... 2.0 

or, in the yernacular of the brass mill, a two-and-threc brass 
with from to 2 pounds of lead added to the hundred. The 
usual method of making this alloy is to weigh out, say (JO 
pounds of cojDper, and introduce 40 pounds of spelter, with 
enough more to compensate for the loss by volatilization (casters 
usually add about J pound in excess, but this is hardly suffi- 
cient in the majority of eases; see footnote, p. 490), and then 
add the lead to the molten mixture. This method, of course, 
gives slightly less than the above amount. 

Soma manufacturers prefer to make the base a fivo-and-cight* 


* This phraseology is employed in brass-casting to designate the parts of the 
various ingredients taken. For an example, a five-and-eight brass is one coni)«>seil 
of 61.64 per cent, of copper and 33.46 per cent, of zinc. The method is used to 
facilitate weighing, as it is difficult to obtain a given weight of copper ingots on 
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brass, and then add the above percentage of lead, while still 
others use even a two-and-one brass; but the alloy containing 
60 per cent, of copper has always given the best satisfaction. 

The precautions necessary for the manufacture of the best 
quality of screw-rod or clock-brass are as follows: 

The content of copper should not be below 60 per cent, or 
above 70 per cent,, and the lead should not vary more than 
0.25 per cent, from 2.00 per cent. Spelter should form the re- 
mainder. 

The alloy should be free from tin, or not more than 0.10 per 
cent, of tin should be present. Tin is extremely liable to find 
its way into brass not supposed to contain it, on account of the 
difierent grades of brass made in the casting-shop, such as 
spring-brass, etc., which contain tin, and the scrap from these 
metals finding its way into other mixtures in small amounts. 

As much scrap as possible should be employed, as such 
material tends to increase the shortness of the „ chips. "While 
in ordiiuuy brass it is not usual to introduce more than 25 per 
cent., as much as 50 per cent, of scrap can be added to screw- 
rod or clo(dv-bra,ss to a good advantage, if the scrap is of good 
quality. 

The alloy for rod should be as hard-drawn as possible, and in 
the majority of instances the sheet should be hard-rolled. 

The tensile strength should not be above 70,000 pounds, or 
below 50,000 pounds, per square inch, and the elongation not 
more than 25 per cent., or loss than 5 per cent,, in 8 inches 
(not apidieable to large rod above 1 inch in diameter). 

By Ibllowing tlie above specifications satisfactory brass for 
turning or (uitting ol‘ any description will be obtained. It may 
be well to add that although only 1 } pounds of Iqad are usually 
add<‘.d to 100 pounds of alloy, the content of this element often 
rises to 2 per ecmt. on account of the presence of lead in the' 
spelter.'*' The amount of lead in the spelter should be known 
in ord<u' to obtain the right amount of it in the bi^ass. 

account of their uniformity of size. In making brass according to the above 
method a certain amount of copper is weighed within a few pounds more or less, 
but whatever the weight is it must bo accurate j tlie proportion of zinc called for 
in the formula is then weighed with accuracy, an operation easily performed on 
account of the brittle nature of this metal. 

* An atnilysis of a sample of spelter used for making cheap brass gave 1.34 per 
cent, of lead. 

VOL. XXVIL— 34 
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The Hietliod of maldog leaded brass is as follows : The cop- 
per is melted in a plumbago emeible under a good layer of 
charcoal,* and when hot enough to avoid chilling (no hotter) 
the spelter is added and then the lead. The mixture is next 
stirred thoroughly with an iron stirrer, and, if necessary, allowed 
to get hot enough before pouring to run without forming cold 
shuts, otherwise a “ spilly ” bar will result. The determination 
of this temperature is the most difficult problem of brass-cast- 
ing, and is the most important point in the operation, for if the 
metal is allowed to get too hot it will either crack in rolling or 
become “ spuey,” that is, full of blow-holes ; or often both these 
faults will be present. On the other hand, if poured too cold 
the divided metal falling to the bottom of the bar will not unite 
and the metal will become “spilly,” that is, covered with 
splinters or scales when the metal is rolled or clrawui, duo to the 
ununited metal being extended. The determination of this 
temperature is made by the eye, and no other method foi ob- 
taining it, which is satisfactory, is known at the present time. 
Other points, such as the size of the stream in pouring, oil on 
the mould, temperature of the mould, etc., all have infineucc on 
the finished metal; but their discussion is out of place here. 

For rod above medium size, say ^-inch in diameter, it is cus- 
tomary to cast what is called a “bolt” for making the rod. 
This is a bar from to 2 inches in diameter, depending upon 
the size of the finished product, and about 6 feet long. Tliis 
bolt is drawn on draw-benches or rolled through grooved rolls 
until of the required size. For small rod or wore it is usual to 
cast a “ wire-bar,” that is, a flat plate from 3 to 4 inches wide, 
1 to li inches thick and about 6 feet long. Tlu'so bars are 
rolled cold until the thickness has reached | or ^ imdi, depend- 
ing upon the capacity of the slitters, and then slit into stjuare 
strips, which are ■ afterward edged and drawn on the regular 
wire-block. Sheet is made from a plate in the- usual way. 

Brass containing lead tarnishes more readily than the' pure 
material; it is also claimed that such an alloy is better suited 


^ Many brass makers use charcoal of the fineness of pea-coal an a covering fi)r 
the metal. This quality, while unsuitable for the majority of usch to wliich Huoh 
material is put, is excellent for a covering for melted metal, on account of itn 
greater protection to tlie molten matorial from the gases and air, than that given 
by larger Jumps of charcoal. 
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for ships’ sheathing than brass containing no lead. This fact 
has been the subject of a patent issued to G. F. Muntz,* an ex- 
tract from which is as follows : 


“ My invention has for its object to improve the manufacture of my sheathing 
metal, for which Letters Patenth were issued, which consisted of employing an 
alloy of copper and zinc in such relation to each other that, whilst the copper 
was to a considerable extent preserved, there w^as a sufficient oxidation to keep 
the bottom of a ship clean, and in practice it was found by me to require as nearly 
as might be 60 parts of copper to 40 parts of zinc for that purpose, and such pro- 
portions of copper to the zinc could not be reduced, even to a very small extent, 
without rendering the alloy liable to have the zinc separately acted upon, which 
was highly prejudicial. Now the present invention consists of using another 
suitable metal or metals so as to allow the mixture to contain a less proportion of 
copper than 60 parts and at the same time to have a sufficient degree of oxidation 
and prevent separate action on the zinc, thereby to keep the bottom of a ship or 

vessel clean This alloy consists of 56 parts of copper, 40 J parts of zinc 

and parts of lead I would remark that the lead in the above compound 

or alloy acts a very important part, as an alloy consisting of 56 parts of copper 
and 40;j parts of zinc would not without the lead produce a metal which would 
oxidize sufficiently to keep the bottom of the ship clean. The alloy being made 
and cast into ingots, it is to be rolled into sheets, preferably at a red heat, and the 

sheets i)roduced are to be annealed I do not claim the combination of lead 

or other metals with copper and zinc for sheathing, except when made after the 
formula given in this invention.’’ 


WliilG the composition of tlie alloys were different from the 
formula proposed by Muntz, the following experiments maj^ 
have bearing upon this point. Pieces of sheet about 0.03 
inch in thickness and 2 inches hy 4 inches in size, of the fol- 
lowing alloys; 

" A. B. J 


Copper, 

Zinc, 

Lead, 

Iron, 


Per cent. 
. 63.60 
. 36.13 
.21 


Per cent. 
. 61.36 
. 36.22 
. 2.44 

.10 


were immersed in sea-water for 200 days and then cleaned and 
weighed. The corrosion seemed uniform on each and they 
were not pitted. The relative corrosion was as follows : 


A.— Loss in grammes per sq in. of surface, .... 0.0058 1 to 1.05 

. 0.0055 


* English patent, No. 11,410, of 1846, to G-. F. Muntz, 
t EngliBlx patent, No. 6325, of 1832, issued to G. F. Muntz, 
t Sec p. 601. These two samples were identical. 
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The corrosion was therefore nearly the same and the effect 
of the greater amount of lead not apparent. 

The fractures of the alloys containing lead, broken while red- 
hot, are interesting. The alloy without lead gives a fracture 
of a crystalline nature, and is not tarnished perceptibly ; in 
many cases the color seemed as if the metal had been dipped 
in acid. The fracture of the alloy containing 2.5 per cent, ot 
lead was similar to that of the pure brass, but the color was 
darker and the appearance not as crystalline. That of the 
alloys containing 5 and 10 per cent, of lead was very different 
from the others; the appearance was almost amorphous, the 
color black, and the general look more of cast-iron broken hot 
than that of brass. 

Percy* gives an analysis of a Chinese brass sheet about 
inch in thickness. 

Per cent. 


Copper, 
Zinc, 
Lead, 
Tin, . 
Iron, 


56.59 

38.27 

3,30 

1.08 

1.47 


The lead in this alloy w'as probably accidental. 

As previously observed, leaded brass, in order to give stitis- 
faetory results, should not contain less than 2 per cent, of lead. 
The following analysis was made of rod used on a acrew-iuachine, 
which did not give quite as good results as previous lots : 

Per cent. 

Copper, 65.36 

Zinc, 33.18 

Lead, 1.46 

Iron, not determined. 


It must not he supposed, however, that brass containing less 
than 2 per cent, of lead will not work, for such is not the, ('use ; 
in some eases an alloy containing as low as 1 per cent, could l)c 
used, hut in such a case one containing 2 per cent, w'ould give 
better results. In many cases it is impossible to get satisfac- 
tory results unless the content is at least 2 per cent. It is bet- 
ter, therefore, to always work with a single formula. Tlic( fol- 
lowing analysis was made on the above material after being 

Percy's Metallurgy — Copper, Zinc and 618. 
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melted. The chips from the rod were the material which were 
melted, and no large pieces were used, the entire mass being 
chips of ordinary fineness. The crucible was kept full of chips 
continually, and the temperature was not allowed to become 
excessive ; the mass smoked freely \vhen poured, but not for 
any length of time. The analysis is as follows : 

Per cent. 


Copper, 67.99 

Zinc, 30.15 

Lead, 1.76 

Iron, .16 


As the zinc is the most volatile element, the fact is apparent 
that the lead increases in amount, and therefore leaded brass 
which contains less than the required amount of lead may, 
by melting, increase it so as to be serviceable. 

The incorrect amount of lead may often be introduced into 
brass by not stirring thoroughly after the lead has been added 
to the crucible. The lead when first introduced into the mix- 
ture settles to the bottom, and when poured into the bar the 
bottom portion is the last to be poured, and thus the top of the 
bar will contain more lead than the bottom. The whole bar 
will roll or draw, and therefore the defect will not be notice- 
able until the consumer begins to have trouble in cutting. A 
case of this description recently came to the author’s notice, 
where an analysis of the top of the bar gave 1.87 and the bot- 
tom 1.06 per cent, of lead. The amount of lead added was 
about 1.5 per cent. 

In order to discover whether lead has a tendency to combine 
with brass in any particular pi'oimrlion a rod aboixt -f-inch in 
dianietcn’ and 6 inches long was turned from the alloy used in 
Kxpcu’iment B (containing 6 per cent, of lead) and inserted in 
a h()lc‘, whose diameter was slightly larger than that of the rod, 
drilled in a 2-inch cylinder of crucible-material. The mouth 
of the hole was loosely stopped with sand, and the whole ar- 
rangement set in a No. 26 crucible and heated until the fumes 
of zinc*, oxide (spelter fumes) wore given oft* freely. The cruci- 
ble was then filled with hot sand, completely covering the metal, 
and giving a depth of several inches all around the cylinder. 
The crucible was covered, and allowed to cool very gradually 
by leaving in the fi.re until cold. The bar of metal was then 
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removed and examined. No lead could be seen either on the 
bottom or top, but the bar had every appearance of a homoge- 
neous mass. It was expected that the lead would paitially 
settle down to the bottom, and that the top would contain the 
true proportion of the lead in the alloy. Such was not the 
case, as the following analyses will show : 

Bar before heating. After heating 


Top Bottom. 

Per cent. Per cent Per cent. 

Copper 61.03 61.09 60.94 

Zinc 33.50 32.46 33.40 

Lead, .... 5.38 6.45 6.66 


The lead had not floated to the top as would at first seem, 
hut the loss of spelter was greater in this portion than at the 
bottom. 'WTiatever the cause of this action may be, it is evi- 
dent that lead forms a homogeneous mixture with the brass if 
not a definite alloy. 

No brass is made at the present time which does not contain 
more or less lead, ranging from the small amount contained in 
cartridge- or spinning-brass to that of clock or sorcw-ro<l 
material. The reason for this is, that it is impossible to obtain 
zinc free from lead. It may be said that one is as sure to find 
lead in brass as phosphorus in steel. 


The Technology of Cement Plaster, 

BT PAUL WILKINSON, ST. JOSEPH, MO. 

(Lake Superior Meeting, July, 1897.) 

History. 

From the earliest times, the principal component of wall- 
plaster has been ordinary lime. Plaster-of-Paris has also bemi 
known from early times, but never used to any extmxt in the 
actual base-work of plastering-materials ; it is generally used for 
finishing over the brown coat and for ornamental work. As an 
illustration of the antiquity of the use of gypsum-plasti‘r for 
mortar, I find that the analysis of the exterior covering of tlie 
pyramid of Cheops, as made by Hr. ’Wallace, is almost iilentiiail 



THE TECHNOLOGY OE CEMENT PLASTER. 


509 


with that of our best cement-plaster. The analysis is given in 
the American En(yclo2:)(Bdia as follows : 


Hydrated calcium sulphate, 

82.89 

Carl)onate of lime, 

9.80 

Magnesia, .... 

0.79 

Silicic acid, .... 

4.30 

Alumina, .... 

3. CO 

Oxide of iron, 

0.21 

Total, . 

100.99 


For the last quarter-century, however, plaster-of-Paris has 
been the chief constituent of numerous patent plasters, or hard 
plasters,’^ as they arc sometimes called. The formulae of these 
all vary but slightly. In addition to plaster-of-Paris, we find in 
the records of the Patent Office the following substances used 
to perfect the working-qualities of these materials, or to give 
them some peculiarity for the purpose of advertising, viz. : 
slaked lime, sawdust, asbestos, and various qualities of clay, 
together with some form of retarder to restrain the setting- 
action of the plaster-of-Paris for such a time as will give the 
mechanic opportunity to apply the mortar nicely. 

As early as 1871 gypsum-rock had been found and manu- 
factured in Kansas. Later, a workman from one of these 
plaster-of-Paris mills, which were then all located at Blue 
Rapids, in the eastern part of the State, happened to be stop- 
])ing at the farm-house of Mr. Jonathan Tinkler, If miles north- 
east oi‘ the present town of Gypsum City, Kansas, and his atten- 
tion was <*alle<l to some plaster which Mr. Tinkler had made 
for plastering the cellar of liis house, by calcining in an ordi- 
nary J30-gallon kettle some of the so-called dirt from one of his 
fields. That plaster is still there and in good condition. Mr. 
Tinkler discovered this earthy deposit while running a ^‘fire- 
guard ” around the field; he did not manufacture the material, 
however, until 1875. The above-mentioned workman told Mr. 
Tinkler of the importance of his deposit; and in 1889 the lat- 
ter interested some local capitalists, a small company was 
ibrmed, and a discarded plastcr-of-Paris mill from a nearby 
town was purdniscd and moved to Gypsum City, whore it was 
set up ibr the treatment of this earth, the crude material being 
hauled in wagons from the farm to the mill in towm. This 
original company in this field was known as the Saline County 
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Plaster Co. ; the deposit being located in Saline county, Kan- 
sas. 

In casting about for a proper name for this material, which, 
by the way, when manufactured, resembles a Portland cement, 
the manufacturers finally decided upon the name Cement 
Plaster. I believe their idea was chiefly to obtain the advan- 
tage of whichever freight-rate, that on cement, or that on plas- 
ter, should be the lower, as well as to provide for the possibility 
that the material should prove a successful cement. This name, 
Cement Plaster, was afterwards applied by the j^laster-of-Paris 
companies to their wall-plaster products, hut rightfully belongs 
to only those wall-plasters which are manufactured from this 
earthy material. 

During a recent conversation, my friend. Dr. E. IT. S. Bailey, 
Professor of Chemistry in the State IJniversity at Lawrence, 
Kansas, suggested that we call this material gypsito,” so that 
it might have a distinctive name. I think this suggestion a 
good one; have endeavored to introduce this name in the in- 
dustry, to denote this gypsum-dirt ; and will so use it through- 
out this paper. 

In 1890, the Saline County Plaster Co. sold out to a company 
organized by larger capitalists, and called the Acme Cement 
Plaster Co., which has been in successful operation ever since. 
After the Acme Co. had developed a successful industry from 
this deposit, others began to investigate, and other (jompauies 
were formed. It was thought for a time that the Gypsum City 
deposit was the only one in existence, and practically inexhaust- 
ible. It covered an area of 12 acres with an average tllicklK^ss 
of 8 feet, and more than 100,000 tons were mamifaetured from 
it before it was abandoned. The original members of the 
Saline County Plaster Co,, after they had sold out to ilu^ Ac*mc 
Co., prospected in the Pau-ITandlo of Texas, dist'overed a 
large and valuable deposit there, and formed tbo 'Low Htar 
Plaster Co., operating at Quanah, Texas. This was absorbed 
by the Acme Co. a few years later. The deposit, covering in 
all about 6000 acres, is certainly one of the most remarkable 
ever discovered, by reason of its vast extent and the <‘haracter 
of its material, and the Acme Cement Plaster manufactured 
here is shipped to all parts of the United States, and even to 
Canada. An experimental shipment has just been made to 
Australia and Few Zealand. 
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The field is now covered by several companies, manufac- 
turing as follows: The Salina Cement Plaster Co., at Dillon, 
Kan., 14 miles east of Gypsum City; the Dillon Cement Plas- 
ter Co., 3-J miles southwest of Dillon. The Acme Co. has an- 
other mill 3 miles beyond the last-mentioned. The Salina Co. 
also has a second mill, at Longford, in Clay county, Kan., 35 
miles northwest of the Dillon mill. The Acme Co. has its 
principal mill 5 miles northwest of Quanah, Texas, which 
town is 192 miles northwest of Port Worth. In this vicinity 
there are a few temporary mills experimenting, and there are 
also a few mills in the Indian Territory, the only one of any 
importance being that of the Koyal Cement Plaster Co., at 
Marlow. There are at present eleven mills in Kansas engaged 
in the manufacture of plaster ; four use the gypsite and seven 
the gypsum-rock. 

Indications all point to the final location of the whole of this 
industry in the Pan-Handle of Texas, for the reason that the 
Kansas and Indian Territory beds are comparatively limited, 
whereas the deposits seem to exist in inexhaustible quantities 
in the Pan-Handle.’^ 

General Conditions. 

This paper is intended to deal exclusively with the tech- 
nology of the cement-plasters. As I understand, the geology of 
the subject has been and will be treated by others. Hence 
I wdll not discuss the chai'acter of these deposits, beyond ob- 
serving that there is a great diversity of opinion as to their 
origin. The most plausible theory seems to be that of their 
])reci[)itation from springs, aided by wash from adjacent terri- 
tory. 

The composition of the crude material, as well as its manner 
of de])osit and its proximity to railroads, are all points to be 
(ionsidered by the manufactui'cr. Per se^ these industries do not 
warrant at the present time the construction of independent 
lines of railroad. Many of the deposits lie in low, swampy 
ground, and gypsum-springs usually occur in them. In most 
cases there is a ledge of gypsum-rock at the bottom of the de- 
posit, but somctimcB even lower, and sometimes not immedi- 
ately under, but on the same level, at some distance from the 
gypsite-deposit. The deposit of the Acme Co. in Texas has 
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an average depth of 80 feet, and immediately under this is a 
heavy bed of excellent gypsum-rock, which is used by the com- 
pany for the manufacture of plaster-of-Paris. Many deposits 
have been found which are entirely worthless for one or both 
of two reasons : because of the percentage of sand and claj , 
where the above-mentioned side-wash is excessive ; or because 
the material occurs in too small pockets. This material being 
worked by plow and scraper, too much labor is required to 
operate small pockets properly. In these sections the water of 
all the streams and wells is highly impregnated with magnesium 
sulphate, which does not seem to affect animals, but has the 
usual effect upon man. In most instances, however, the work- 
men become habituated to the use of this extremely mineral 
water. 

Technolooy. 

In considering the technology of gypsite it is necessary to 
consider the composition of the material in comparison with 
that of gj^psum-rock, in order to understand the diffcreuce in 
the manufacturing processes of plaster-of-Paris and cement- 
plaster. It is the foreign ingredients in the gypsite which cause 
the difference. The analysis of a sample of ffrst-class gy])rtite is 
as follows : 



Crude. 

Manufactured, 

Insoluble residue, 

.91 

2. A3 

Iron and aluminum oxides, 

.21 

.45 

Calcium sulphate, 

. 69.92 

78.81 

Calcium carbonate, . 

. 9.05 

11.22 

Magnesium carbonate, 

. 65 

.71 

"Water, 

. 18.85 

5.70 

Total, .... 

, 99.59 

99. -15 


Gy]psum-roek, as is well known, occurs in ledges; is miiUMl 
and transported to the factory; and is there x'odnctMl by nippi^rs 
and Gates crushers to the size of small marbles. It is lluoi 
imn through buhrs and finely ground, and convejHKr by (di‘- 
vators to bins over the calcming-kettles. Prom this stages 
process is practically identical with the manufacture of gypsite. 
into cement-plaster. Gypsite occurs in pockets of gvonUn* or 
less extent on the surface of the earth, with from a few iiudu'S 
to 2 or 3 feet of surface-loam on top. It rescnubles marl in 
appearance, and is iu a fine state of subdivision, ft is nstt- 
ally more or less moist, on account of the fact that the po(*.kids 
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occur in marshy meadow-lands along the sides of a stream. 
In mining it, the surface-covering is stripped off and scraped to 
some distance outside the deposit. It is most advantageously 
manufactured during the hot season of the year, as at that 
time manufacturers obtain the assistance of nature in drying 
out the physically-combined moisture. It is a peculiarity of 
gypsite that it absorbs and holds water with great avidity, and 
freezes readily, so that in securing stock for winter purposes it 
is necessary to have large storage-sheds and fill them during 
the drier months of the year ; hence the scene of greatest ac- 
tivity is during the months of July, August and September, 
when the manufacturers endeavor to fill their sheds wdth dry 
material, and at the same time are being rushed by the 
large demands for their product, as the building-season is then 
at its height. The material is frequently piled in various por- 
tions of the bed to mix the various strata thoroughly, as well as 
to permit the moisture to drain out. I have seen these heaps 
frozen to the depth of 2 or 3 feet, in weather when ordinary 
soil would not be frozen at all. 

Manufacturing-plants, when possible, are located on the gyp- 
site-bed itself, or adjacent thereto, so that the expense of the 
transportation of the raw material may be reduced to a mini- 
mum. Ho matter what the distance from the railroad, it is 
cheaper to transport coal from the railroad to the mill as a 
back-haul and to haul the manufactured material, than it would 
be to haul the crude, wet material from the bed to the railroad 
and manufacture there. This has been illustrated in the ex- 
perience of the Acme Co., which hauled its crude material If 
miles to its mill at Gypsum City, whereas its other Kansas 
plant is about 7 miles from the railroad, and loads of two or 
three tons are hauled on broad-tired wagons to the shipping 
station, the hauling-contractor making a very favorable rate on 
coal and RU})]diGS for a back-haul. 

The material is loosened in the deposit by means of disk- 
harrows and then taken into the stock-warehouse by means of 
wheehul scrapers. There are some irregularities in every de- 
posit; and the principal object sought by the manufacturer is 
to mix the materials thoroughly, so as to procure a uniform 
output. After the material has been put in the warehouse it 
is at the same stage as the plaster-of-Paris, when the latter has 
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The principal and really exact process is that of calcination. 
For this purpose boiler-iron kettles (see Figs. 1 to 4) of f-incli 
thickness, 8-feet diameter and 6-feet depth are used. The 



Fig. 3. Fig. 4. 



Sections of Calcining Kettle. 


foundation for a kettle is necessarily built very solid, the fire- 
space within the foundation being in the shape of an iiunnlxMl 
truncated cone 4 feet high. At the top of this a (Jast-irou 
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flanged ring is set into the masonry. The kettle-bottom, con- 
sisting of a concavo-convex iron casting, a little less than 8 feet 
in diameter, with convexity placed upward with a rise of 1 
foot, and with a thickness of f inch at the edges and of 4 
inches at the crown, is set within the flange at the top of this 
I’ing. The kettle proper is then placed over the kettle-bottom. 
This kettle has two flues 12 inches in diameter, placed trans- 
versely about 8 inches above the crown of the kettle-bottom, 
and separated externally about 6 inches, itfter the kettle has 
been set, brick masonry is erected around it, gradually con- 
verging at the top to meet the top-rim of the kettle. The first 
floor ot each mill is usually built around the kettle about a 
foot from the top, sometimes level with the top, to facilitate 
the slioveling of dirt directly into the kettle by hand; and the 
kettle, with the furnace, is in the basement, with storage-room 
for fuel conveniently arranged in front of the kettle. Ports are 
made through the side of the base-ring ; and the heat from the 
furnace is deflected by bridges around the surface of the kettle, 
so that it may cover every part of the kettle, pass through the 
flues, and finally make exit through a regular stack. For fuel, 
the best of coal must be used, having a minimum of sulphur, 
coking freely and giving a long flame. The best coal is pro- 
cured in the Trinidad district of Colorado. Kettle-bottoms 
of shoot steel have been tried, but do not serve as well as 
cast-iron ones. Only the best scrap-iron must be used in these 
kottle-l)ottonis, it having been found that ordinary scrap-iron 
does not last nearly so long as pig. The life of a kettle- 
bottom is terminated by cracking. The cracks can be caulked 
with asbestos cement, but the expense of repairing and stop- 
page soon overcoines the saving. At the top the kettle is cov- 
ered with a sheet-iron cap with a movable door, through which 
the material is introduced, usually by a chute, fed by an ele- 
vator from the dirt-pit. The usual number of kettles is four to 
six. They arc arranged in line and usually worked in pairs, 
[t is necessary that the material in the kettle be constantly agi- 
tated ; and for this purpose a line-shaft is run over the kettles 
and a vertical shaft runs from this to the bottom of each kettle, 
being supported below by a saddle placed between the flues. 
At the bottom of the shaft a curved cross is attached, to which 
are affixed movable teeth with paddles, wffiich are so adjusted 
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as to tlirow the material from the perif)hery to the center. 
Should the agitation stop, or the teeth become broken, the ma- 
terial settles down on the bottom, and, owing to the intense 
heat, the bottom is almost instantly melted through. The ma- 
terial when heated is very fluid, runs through like water and 
(quenches the lire. The A.cme Co. had in one instance a heavj' 
loss in the death of a fireman who was slashing the fires at the 
time when a kettle-bottom burned through. The material ran 
down, was deflected from the fire, and the fireman was in- 
stantly enveloped and burned to death. The stoppage of the 
agitation can usually be detected by the calciner, who stands 
above and is supposed to watch the process of calcination con- 
stantly; but in this instance the calciner had stepi)ed aside tor 
a moment, and it was all over when he returned. 

Both water-power and steam-power are used for driving the 
machinery. When steam is used, the slack from the fuel used 
under the kettles is employed for the boilers. 

Upon the correct calcination, more than anything else, de- 
pends the quality of the material. The calcium sulphate in 
gypsite is hydrated, as it is in gypsum-rock. The object sought 
is to drive off a portion of this water of crystallization. To 
attain this end, in the plaster-of-Paris manufacture, the tem- 
perature does not exceed 340° F. ; but in the manuhicture of 
gypsite, probably on account of the foreign matters, a higher 
temperature is required, which averages close to 396° F. In 
starting a kettle, heat is gradually applied, and the crude ma- 
terial is gradually fed in and constantly agitated. This process 
is slow, and requires some length of time, on ac(?ouut of the 
vast amount of physically-combined moisture to be evaporated. 
Material is gradually added until the kettle is full, and during 
this process the contents of the latter boil in a violent manner 
closely resembling the boiling of water. The fa,<d; that the 
physically-combined moisture is all evaporated is indi(‘a.t(Ml by 
the prompt settling of the material ; the heat then rises to a 
higher degree and ebullition again takes place, iTidicating the 
driving-oft* of the water of crystallization. Tlie point at winch 
the pi’ocess is complete is known by the manner in whidi the 
material boils and by its general appearance ; and the (calciner, 
at the proper moment, lets off the charge through a small gate 
at the bottom and in the side of the kettle* Thermometers are 



THE TECIINOLOGY OF CEMElirT PLASTER. 


517 


■Qsecl in plaster-of-Paris manufactories to govern the tempera- 
ture exactly ; but in the gypsite-manufaetories the point varies 
slightly and is usually best known by an exjDerienced calciner. 
The escaping steam is let off by means of a stack let into the 
sheet-iron cover of the kettle parallel with the smoke-stack, and 
this stack contains near its base a separator similar to the 
steam-separators, for the purpose of retaining the plaster-dust. 
It has been found by raising the iron cover about 18 inches 
and putting on proper sides, that it furnishes a chamber above 
the boiling material and greatly assists the escape of the steam 
from it. 

From the kettle the hot material runs like water into a fire- 
proof pit. The kettles are usually run in couples so that one 
pit will do for two kettles ; and one chute will do for two kettles 
in filling, as the kettles are run at slightly different periods. 
Each kettle contains a charge of about five tons of manufac- 
tured material, and requires about three hours to calcine prop- 
erly. After cooling slightly, the manufactured material is 
elevated into a revolving screen, which separates all small par- 
ticles and foreign matter, and renders the product uniform. 
The screenings run from J to 1 per cent only. It is usual to 
have a series of screw- conveyors and elevators both in front of 
and behind the screen, so as to mix the material thoroughly. 
Owing to the temperatnre of the material, all conveyors, ele- 
vators and interior linings must be of metal, and the screen is 
made of wire-cloth. From the sci'een, the material is conveyed 
to the storage-bins, which are usually arranged to hold 100 or 
200 tons, and of wdiich there are several, so as to separate, if 
desired, the runs of different days. The material is usually al- 
IowcmI f,o fall from a scrcAV at the top of the building, fii'st, that 
it may sprc^ad out and let the different portions mix thoroughly, 
and, Be(*ondly, that it may cool in passing through the air. 

Various elevating devices have been experimented with, 
amotig them the blower. It W’^as proposed to use this for the 
purpose of elevating the hot material from the kettle-pit to the 
bins, as it w^as hoped l)y this means to render unnecessary a 
Bcreen and expensive bucket-elevators, and it would also cool 
the material. This method was tried at one of the plants, hut 
W’-as soon ahandoned, as I infer, on account of the clogging of 
the material, which, owing to the fineness of the manufactured 
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article, diffuses through the atmosphere, soon fills up all open 
parts of machinery, and renders efficient lubrication extremely 
difficult. The friction in certain parts is heav 7 , and the hear- 
ings must be watched carefully. _ 

Owing to the peculiar eharacteristies and constituents of dif- 
ferent deposits, the setting-time of the manufactured article is 
apt to vary greatly. The most suitable time for working the 
material is about one hour, when it is mixed with sand. This 
gives the plasterer time to apply the mortar properly, and after 
that time the material commences to harden, so as to render 
further tempering impossible. Manufacturers whose material 
does not reach this standard, usually have to “ retard ” their 
material. [For this purpose there are numberless inventions. 
Some of these retarders are added to the material just before it 
leaves the kettle, so as to have the advantage' of the thorough 
mixing which it receives in its course to the bins. Others are 
applied just before the material goes into the storage-bins; and 
some, after it has been taken from the storage-bins and just be- 
fore it is sacked. Some manufacturers add hair or fiber, as de- 
sired by the customer. The material is then sacked directly 
from the mixer. 

The final process in the production of this material is the 
packing. Barrels are seldom used, the princi 2 )al containers 
being jute sacks, which contain 100 pounds net. Those sacks 
are made of the best jute, and will stand considerable wear and 
tear in transportation. They are sold to the consumer, and he 
is allowed a credit of the same amount as he paid for them, on 
returning them to the mill. Thus the mamifacturer is enabled 
to keep the burden of the package ou the cotisumers. Puptu- 
sacks are also used, as in the hydraulic cement industry. These 
contain but 76 or 80 pounds of cement-i')laster, however, as tlu! 
material is extremely light and fluffy. These saclcs are not de- 
sirable, as for some reason, when filled with cement phuster, 
they break and tear much more easily than with hydraulic 
cement. 

Kbmabks. 

In conclusion I would observe that the fuel-question is the one 
above all else demanding attention. Owing to the simjile 
arrangement of the kettles but a small amount of the heat is 
utilized; and by some arrangement for dryers arranged over 
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the kettles the crude material could he made to absorb and 
utilize a good amount of this waste. Various plans have been 
proposed, but none of the manufacturers have as yet felt the 
necessity of going to the expense of experimenting with any of 
them. As in all other industries, however, the value of econ- 
omy will probably be realized at all points, as profits become 
smaller. 

The recent discovery of fuel-oil in the districts in which the 
plants are located seems to point to the adoption of this fuel in 
the near future by the cement-plaster industry. Experiments 
were made by the Acme Co. at one of its mills, some time ago, 
with oil for fuel ; but, owing to the uncertainty of the contract 
it was able to secure with the producers, the company did not 
feel warranted in going to the expense of equipping its plant 
with the proper appliances, and adopting oil as fuel. 

Much remains to be done in the way of a careful and thor- 
ough study of the exact chemical composition of the gypsite, 
and the best methods for combining the various portions of the 
deposits, as the setting-time seems to be greatly influenced by 
variations in the composition, and this setting-time is the all- 
important point to be controlled. 


The Iron-Ore Supply. 

BY JOHN BIRKINBINE, PHILADELPHIA, PA. 

(Lake Superior Meeting, July, 1897.) 

FoiiTY yciirfi ago, when the first shipments of iron-ore -were 
made Irom the Lake Superior region, the sxipply for the blast- 
furnaca'B active at tliat date wavS in moat cases a local considera- 
tion ; the majorily of the smelting-plants being close to the ore- 
mines. Of those which depended in whole or in part upon 
ores brought from distances greater than an economical wagon- 
haul, few obtained supidios by canal or railroad from points 
50 miles removed. At the present time the ore-supply is a 
local consideration for but a small proportion of American 
blast-furnaccs, and 700 miles or more separate a greater num- 

von. XXVII.— 35 , , 
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ber from the mines producing the ore in 1897 than was sup- 
plied in 1857 with ore carried 50 miles. 

The iron-producing district of which Birmingham, Ala., is 
the business center is the most prominent section now depen- 
dent upon local ores. Other blast-furnaces in Alabama, Georgia, 
Tennessee, Virginia, Pennsylvania, Ohio, Kentucky, Missouri, 
Wisconsin, Kew York and Yew Jersey obtain all or a portion 
of their quotas of iron-ores from mines located within short 
distances. 

It is not necessary to detail in this paper the wide distribu- 
tion of ores from the Lake Superior region, which now contrib- 
utes five-eighths of the annual production of domestic iron-ore. 
Let it sufiice to say that, taking into account all the ore mined 
in this district, the average transportation by rail and water 
exceeds 800 miles between mine and furnace, and probalJy 
three-fourths of this ore is subjected to three and sometimes 
four transfers between the time when the loaded cars leave the 
mine and the time when other cars deliver the ore at the fur- 
naces. That is, a large proportion of the ore mined in the 
Lake Superior region is loaded on cars which, after covering 
15 to 100 niiles of railroad-haul, are discharged into the pockets 
of ore-docks. These pockets hold tlie ore until vessels are 
ready for cargoes. When the receiving-docks of the lower 
lakes are reached, the ore is removed from the vessels into (*ars, 
or placed in stock-piles from which cars arc loaded subse- 
quently, as the consumers require the ore, and is finally un- 
loaded at the furnaces. 

If, in addition, we consider the loading of ore underground 
in mine-trams and skips, the hoisting of the same to the sur- 
face, the dumping of skips into shipping-pockets or stock-piles 
(in some cases sorting the ores), and the subsequent loading of 
railroad-cars at the mines, tlie number of transfers (yf much of 
the ore obtained in the Lake Superior region is from Hvo to 
ten. Where steam-shovels are employed in oiyen cuttings, the 
handlings may be reduced; but notwithstanding this apparent 
economy, ores can only be mined and carried for tlie distauecB 
above named by the employment of efficient madiinery, appli- 
ances and management, when the basis-price for Bessemer ore 
(yielding when dried at 212° Faln\ 63 per cent, of iro!i, and 
phosphorus 0.045 per cent.) at the receiving-docks at the lower 
lake ports is $2.40 per long ton. 
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The production of iron-ore in the Lake Superior region in 
1896 exceeded that of any former year, the various mines con- 
tributing 10,566,359 long tons, and bringing the total output 
since the first shipments in 1856 to nearly one hundred and ten 
million long tons. 

When the Institute first visited the Lake Superior region in 
1880, the Marquette range had in twenty-five years shipped 
fourteen million tons of ore, of which 1,384,000 tons was 
credited to that year ; and the Menominee range, then in its 
fourth year of development, had contributed a total of less than 
one million long tons, of which more than half was forwarded 
in 1880. 

Four years subsequently to this visit, the G-ogebic range in 
Michigan and Wisconsin and the Vermilion range in Minne- 
sota were added to the producing territory, and three years 
thereafter, when the Institute met at Duluth (July, 1887), the 
various ranges had made the following record : 

Year of Opening and Total and Maximum Shipments of Iron-Ore 
bg the Various Iron-Ore Ranges in the Lake Superior Region 
to the dose of 1886. 


Range. 

Commenced Total shipments to 

Maximum annual 


shipping 

close of 1886 

shipment to close 


ore. 


of 1886 



Long tons. 

Long tons. 

Marquette, 

. 1856 

23,346,819 

1,829,394 

Menominee, 

. 1877 

6,196,687 

1,136,018 

Clogebic, . 

. 1884 

877,069 

756,237 

Venuiliou, 

. 1884 

692,004 

307,948 

Miscellaneous, . 

• 

48,432 


Total for Lake Superior Region, 

31,061,011 

3,565,144^ 


At the date of the Duluth meeting the actively producing 
iron-ore territory of the Mesabi range, which last year con- 
tributed ov(U' throe million tons of iron-ore, was an unbroken 
wilderncHS — as much so as the areas now recognized as the 
(Jogebic and Vermilion ranges were, at the time of the Insti- 
tute’s first visit. The first shipment from the Mesabi range 
was made in 1892, and it has become a most important factor 
in the supidy of ore from this region. For comparison with 

* The maximum annual shipment for the whole region is, of course, not the 
8*;m of the maxima of the several ranges. 



522 


THE IROX-ORB SUPPLY. 


the foregoing statements the total shipments and maximum 
annual output of the various ranges to the close of 1896 are 
given below. 

Year of Opejiing^ Total Shipments to close of 1896, and Maximum 
Annual Output of the Lake Superior Iron-ore Ranges. 


Range. 

Commenced 

Total shipments 

Maximum annual 


shipping 

to close of 1896. 

output to close 


ore. 


of 1896. 



Long tons. 

Long tons 

Marquette, . 

. 1856 

46,588,187 

2,863,848 (1890) 

Menominee, . 

. 1877 

22,994,428 

2,402,195 (1892) 

G-ogebic, 

. 1884 

20,788,787 

3,0.58,176 (1892) 

Vermilion, . 

. 18.84 

9,220,235 

1,226,220 (1892) 

Mesabi, . 

. 1892 

8,074,583* 

3,082,973 (1896) 

‘Total, 

• . » 

107,616,220 



Attention is called to the fact that in the seven years between 
the first and second visits of the Institute, the total shipments 
of Lake Superior ore were greater than the aggregate for the 
twenty-five preceding years, and that in another interval of ten 
years the Institute finds the total output for the decade 1887 to 
1897 is more than double the quantity won in all previous ex- 
ploitations. 

The Mesahi range has developed more rapidly, has had a 
greater annual output than any of the other ranges, and appar- 
ently takes the lead in the amount of ore-reserves. C/onservai- 
tive estimates made of the explored and developed proptM’ties 
indicate that there is practically ^^in sight'’’ in the Mesalii 
range double the amount of iron-ore that has been shii)[)ed 
from the entire Lake Superior region during the past Ibrly 
years of active development. 

The present status of the various ranges, as indicated ])y their 
output in 1896, is as follows : 


Range. • TjOiig tonn. 

Mesabi, 3,0Hi,!)73 

Marquette, 2,4],S,H-1() 

Gogebic, 

Menominee, ......... 1,763,23.5 

Vermilion, 1,200,!)07 


We are accustomed to make comparisoiiH hy dccqulcs 1o 
obtain yearly averages, but equally fair rcHulta should follow 


* 5 years^ shipments. 
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comparisons based upon the intervals between the three visits 
of the Institute, if the fact is kept in mind that the Menominee 
district had been shipping ore but three years at the time of 
the first visit, that the Gogebic and Vermilion districts had 
been active but three years at the time of the second visit, and 
that the Mesabi range is now working on its sixth year. 

Average Annual Shipments of Manges, 


Total. Average 


Range. 

From close of 

Prom close of 

1880-1886, 

1887-1896, 


1879 to close 

1886 to close 

7 years. 

10 years. 


of 1886. 

of 1896. 




Long tons. 

Long tons. 

Long tons. 

Long tons. 

Marquette, 

10,711,349 

23,191,366 

1,530,193 

2,319,137 

Menominee, . 

5,821,452 

16,797,741 

831,636 

1,679,774 

Gogebic, . 

877,069*5^' 

19,911,718 

292,356t 

1,991,172 

V ermilion. 

592,004* 

8,628,231 

197,335t 

862,823 

Mesabi, . 

none. 

8,074,583t 


l,614,917g 

Total and average 





for Lake Supe- 





rior region, 

18,001,874 

76,603,639 

2,571,697 

7,660,364 


From these statements it appears that the older ranges have 
not been crowded out of business by the later additions, but 
rather that the increased demand has been met by the newer 
ranges. The competition which followed the opening of new 
mines has demanded that economies be practiced by all, and 
mucli of the ore wliicli has been supplied from the younger 
ranges could liave l)con furnished by mines opened before these 
districts came into notice. The figures, however, demonstrate 
that each range is evidently making the most of its natural 
advantages, and endeavoring to discount its drawbacks, whether 
these a.re in the character or quality of ore, the distance of rail- 
and water-transportation, the method of mining, or the charges 
Ibr ini,erc‘,st on capital invested or for royalties. 

Although some of the mines which have been important 
producers show signs of depletion, in a number of eases new 
finds have increased the apparent reserves; we may, therefore, 
comdude that each of the five ranges now embraced in the 
Lake Superior region will continue to supply ore, even if as 
great surprises await the future explorer as have startled the 
metallurgical world. The commendable efforts of the mining 


* Total for 3 years. 
% Total for 5 years. 


t Average for 3 years. 
§ Average for 5 years. 
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engineer, the mechanical engineer, the civil engineer and the 
marine engineer have made the present remarkable develop- 
ment of the iron-ore mines of the Lake Superior district possi- 
ble; and while the contest for local supremacy has been severe, 
its results have aflected mines in other sections of the country 
even more seriously than on the various ranges of this legion. 

Economical mining and handling, and low charges for trans- 
portation, have extended the market of the Lake ores close to 
the shaft-houses of many mines producing ore in small amount 
or of relatively inferior grades; and, as a consequence, the 
proportions which the ores mined in the Lake buperior region 
have borne to the total production of the IJnited States has in- 
creased until it may be said that, in round numbers, 6 tons out 
of every 8 obtained from domestic mines come from the Lake 
Superior region. 

Many of the mines in the Eastern and Central States wliich 
have succumbed to competition have resources of ore which 
may again be called for, if methods of extraction and beneficia- 
tion can be so cheapened as to permit of the mineral finding a 
profitable market. There are also known deposits of iron-ore 
of such quality and extent as to offer strong encouragement for 
the future, when the demands of the middle and western por- 
tions of the country make their exploitation possible. 

Moreover, there are liberal suj)plies in the Soutlioni States 
which have supported, and which will continue to supjiort, an 
important iron-industry. We may, therefore, feel assured that, 
in the light of present metallurgical knowledge, the United 
States is well supplied with iron-ores. 

Within the last decade the proportion of pig-iron classtul as 
Bessemer has been increased from 40 to 60 per cent, of tlu‘. 
total production, which (after allowing for the average (‘oni- 
parative leanness of non-Bessemer ores utilized) would indited e 
that from 30 to 50 per cent, of the weight of (lomesti(‘, own 
used has been of Bessemer grade. Although tlic limitations 
between Bessemer and non-Bessemer ores liavc been more 
closely defined in late years, the growth of tlic open-lu^arfh 
steel manufacture has done much to relieve anxiety as to the 
future supply of ore for the steel trade. But if such were not 
the case, the abundance of ores with high percentages of iron, 
but with phosphorus above the present Bessemer limit, which 



THE IRON-ORE SUPPLY. 


525 


can be cheaply mined, would encourage experiments which will 
lead to their utilization. Much as iron and steel metallurgy 
has advanced, there are many improvements yet to be made, 
and with an army of technical and practical minds studying 
possible improvements, one hesitates to make prophecies. 

The abundance, in the Lake Superior region, of ore of ex- 
cellent character, but beyond the phosphorus-limit for Bessemer 
purposes, offers the expectation that pig-iron for other than Bes- 
semer use will continue to be produced at low cost with the 
aid of cheap mining and transportation. 

The writer lately had opportunity to examine the labor ac- 
counts for three consecutive months connected with the mining 
of coal, coking of the same, mining of ore, transporting raw 
materials to furnace, the production of pig-iron and the delivery 
of the same on cars. The total number of days’ labor at mines, 
ovens, furnace, and a proper proportion for railroad transporta- 
tion, divided by the total tons of pig-iron produced, gave a quo- 
tient less than 4. That is, pig-iron is now being produced in 
the United States for less than four days’ labor per ton of metal, . 
from the time the native materials are attacked underground 
to the delivery of the pig-metal on cars for shipment. Such is 
the competition which the miners of ores must be prepared to 
meet. The books of another blast-furnace plant showed that 
tons of pig-iron were produced for each day’s labor con- 
nected with the furnace. In each of the above instances every 
employee outside of the office-force was included in the total; 
and while each record may be considered as exceptional at the 
present time, they set a standard wdiich all engaged in the pro- 
duction of })ig-iron must expect to meet. Those who supply 
ore, as well as those who smelt it, must be able to reduce their 
labor-costs to a minimum. 

The development and present status of the most important 
contributor to our domestic iron-ore supply having been indi- 
cated, atientiotx may be called to the advances made elsewhere 
to meet the inroads of Lake Superior ores into what were 
asBumod to bo local markets. The older iron-producing dis- 
tricts of the United States, in contending for a share of busi- 
ness, luive cheapened the exploitation, and in some instances 
imi)roved the (piality of local ores ; so that it is not to be ex- 
pected that the proportion which the Lake Superior ores hear 
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to tte total annual output will be greatly augmented in the 
immediate future. 

In the eight years for which statistics of domestic iron-ore 
production have been collected under the aiithorit}^ of the gen- 
eral government, the output ranged from eleven and a half to 
sixteen million tons, the average for the eight years approxi- 
mating fifteen million tons. The average value per ton of ore 
at the mines, however, has shown a marked decline. This value, 
in the years named, was as follows : 


In 1889 the average value per long ton of ore was 
“ 1892 “ ‘‘ “ “ “ 

“ 1893 

It 1394 << 

it 2395 “ 

a 2890 u ct tt tt It 


$2.30 

2.04 

1.66 

1.14 

1.14 

1.42 


The ore-pool maintained prices for much of 1896; hence 
the apparent advance in that year. 

Taking as the normal demand for domestic ores the average 
annual production of the iron-ore mines of the United States 
in the past eight years, viz., 14,670,000 long tons, and making 
allowance for the prevailing industrial depression, and for the 
growth attributable to increase of population, and also for the 
general demand for ores carrying high percentages of iron, it 
is doubtful if the interval between January 1, 1897, and the 
end of the century will require for actual use more than 58,- 
000,000 long tons of iron-ore, or that any new- discoveries wdll 
be required to supply this amount conveniently, uiilcwss some 
unusual advance takes place. 

The iron-ore supply is not confined to domestic mines. The 
United States has drawm upon Spain, Italy, Cuba, Algeria, 
Sweden, Grreat Britain, Greece, Canada and British Colamhia, 
and in view of the importations which have been or may he 
made, a general statement of the ore-supplies of other cunin- 
tries may be appended. 

The importation of iron-ores in late years has not been ex- 
cessive, having ranged from 1,246,830 long tons in 1890 to 
167,307 tons in 1894, the total for 1896 being 682,806 long 
tons; but an increase in the quantities brought into this coun- 
try may be expected if the conditions favoring such tratticj are 
brought about by advancing prices here, without Biinilar im- 
provement elsewhere. 
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The nations which are important producers of iron, or which 
have knowm deposits of iron-ore of magnitude, may be sched- 
uled as follows : 

Great Britain, in earlier times, depended almost entirely 
upon native iron-ores; hut the introduction of the Bessemer 
process, requiring ores of special grade, has necessitated large 
importations of foreign ores, reaching nearly four and a half 
million tons in 1890, and in late years averaging about four 
million tons. The present domestic production is about eleven 
and two-thirds million tons. 

Germany produces the greater proportion of the iron-ore 
smelted in the blast-furnaces of that country, and also exports a 
large amount, about two and a quarter million tons, princi- 
pally to France and Belgium. It also imports about one and 
a half million tons of rich foreign iron-ore, chiefly from Spain, 
Sweden, etc., for use in steel manufacture. The total home 
production is twelve and a third million tons. 

France formerly mined all of the iron-ore which was used in 
her blast-furnaces; but after the loss of the provinces of Alsace 
and Lorraine, which contain large deposits of oolitic iron-ore, 
the importation of ores, principally from Germany, Spain and 
Algeria, increased, until nearly one-third of the supply comes 
from foreign sources. The domestic production is about three 
and a half million tons, and the importation is one and two- 
thirds million tons per annum. 

The Austrian empire mines somewhat over two million metric 
tons of iron-ore per annum, supplying practically all the ore 
needed for its ])last-furnaces, so that the exports and imports 
nearly balance each othei\ 

Kussia has large deposits of iron-ore and easily supplies the 
iron-ore necessary for her increasing pig-iron output, the 
amount now mined being about two million tons per annum. 

B|)ain possesses fine iron-ore deposits, some of the product of 
which is smelted in Spanish blast-furnaces, but the bulk of 
the five and a half million tons produced is exported to foreign 
countries, principally Great Britain, Germany, France and the 
United States. 

Sweden mines all the iron-ore smelted in that country, and 
since the exploitation of the rich deposits in the northern sec- 
tion of the country, has become a large exporter of iron-ore, 
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chiefly to England, Germany and the United States. The out- 
put in 1895 was one and nine-tenths million tons, of which 
probably slightly over one-third was exported. 

The Chinese empire uses the iron-ore which it produces, 
none being exported ; and owing to the crude methods em- 
ployed, it is estimated that one and a halt million tons of iron- 
ore are annually required to meet the demands of a limited 
iron-manufacture. 

Belgium, which at one time produced practically all the iron- 
ore required by her blast-furnaces, has been compelled by the 
depletion of her deposits to import large quantities of ore (about 
one and a half million tons annually); the domestic output be- 
ing usually about two hundred thousand tons. 

Cuba has good iron-ore resources, but all the iron-ore mined 
is exported, the amount annually shipped to the United States 
(which consumes all the ore produced) being about one-third 
of a million tons, under ordinary conditions. The mines on 
this island are practically owned and worked by United States 
capital. 

Algeria has also iron-ore reserves, and, like Cuba, ships all 
the iron-ore mined, which amounts to about 400,000 tons an- 
nually, the principal markets being France, Great Britain and 
the United States. 

Italy ships much of the iron-ore mined, the island of Ell)a 
producing the bulk of the ore. The exports have decreased 
in late years, and at present less than 200,000 tons are shipped, 

Greece exports all the iron-ore produced, the amount so 
shipped being slightly less than 150,000 tons in 1895. 

Canada has good deposits of iron-ore, and in addition to sup- 
plying its own wants, occasionally sends small amounts to the 
United States. The annual production is about 125,000 tons. 

India and Australia also possess large deposits of iron-ore-; 
but these have not been as yet fully exploited. The ibrmcr 
country, however, supports a limited iron-industry, wln<‘h is (es- 
timated to require about 50,000 long tons of iron-ore annuallj^ 
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Mining Methods on the Mesabi Range. 

BY C. E. BAILEY, VIRGINIA, MINN. 

(Lake Superior Meeting, July, 1897.) 


In this our fifth year of actual mining, a risume of our 
methods of mining may prove of interest. 

Our conditions are radically different from those of other 
districts; and we are just commencing to be able to draw con- 
clusions regarding the systems in use. 

The ore-bodies of the range lie in a blanket-formation vary- 
ing in width from 200 or 300 feet to over half a mile, and in 
length from 500 feet to more than 2 miles. It is practically 
horizontal in bedding, but in places has a dip of as much as 7 
feet in 100 for a quarter of a mile. The top of the ore is in 
most cases nearly level, although local rolls make the back (or 
top of the ore) vary to the extent of 10, or in rare cases 20 feet, 
and very frequently tlicre is a general slope of the top of the 
ore, as well as the bottom, which makes it impossible to mine 
it all from one level. Taking the average of long stretches, the 
side-walls may be described as quite regular; but local deflec- 
tions make it necessary to prospect for the wall-rock, and in 
drifting underground it is common to drive along the side- 
walls, uncovering them almost continuously, and thus making 
sure tliat no largo pockets of ore are missed. The dip of the 
side-walls varies greatly, but an average is probably between 
45® and 60®, sloping inward at the bottom, making the general 
shape of the ore-body not exactly a basin, but more nearly a 
trough, uBually with a longitudinal trend and sloping sides, and 
ore much the deepest at the center. As to rock-occurrences 
inside the ore-body, the properties most largely worked may be 
said to be particularly free from rock, although much trouble 
is occasioned by bunches or small masses. In most cases these 
are not properly described as horses’^ of rock, since they 
have neither continuity nor regularity of trend, but are off- 
shoots connected with the side-walls or bottom. 
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The depth or thickness of the ore varies from a few feet to 
over 300 feet, hut in rare instances exceeds over any large area 
150 feet of coiitinnons high-grade ore. 

A depth of 60 feet of uniform good ore makes the mining 
problem fairly simple ; and in some instances a depth of 35 feet 
is mined cheaply. 

As a general rule, the top-ore is poorer in quality, being es- 
pecially high in phosphorus ; and the same may be said of that 
near the side-walls, bottom and ends of the deposit, excepit that 
in these cases the percentage of iron is usuallj" low as well. 
The best ore is in the heart of the deposit, and this mode of 
occurrence has led to a comparison with a watermelon. 

The ore is a soft hematite, but varies greatly in hardness in 
the different districts. The Hibbing district (especially at the 
Mahoning end) has a remarkably soft ore, capable of being 
drilled with an auger or loaded with the steam-shovel without 
blasting. The Mountain iron-ore is but slightly harder ; while 
the Virginia deposit has ribs of very hard ore, and the Eveleth 
formation is by far the hardest on the range. 

The surface consists of glacial drift from 10 to 150 feet in 
thickness. It is clay, well filled with granite boulders, extjcpt 
the last few feet above the ore, which is sand and gnivel with 
some small boulders. It is an exceedingly hard material to 
handle. Most of it would be classified as hard-pan. 

The side-walls and underlying rock are taconite, and the 
change from clean ore to rock usually occupies but a few feed,, 
although cases are not infrequent in which 10 to 30 fimt of low- 
grade ore, too poor to be merchantable, intervenes. 

The two systems of operating are the stripping or o[)en-pit 
and the underground system. 

The stripping-mines are wox-kod either by steam-shovel or 
the milling-process. Much that is to bo said applies e(pially to 
both. 

In determining whether a property should be stripped or 
worked underground, there is still a decided dificrence of oj union 
regarding the depth of surface, either absolute or relative, whidi 
constitutes the dividing line. 

Originally the proposition was that a foot of surface could 
stripped for every foot in depth of the ore; but, while the fig- 
ures indicate that this is theoretically safe, I do not think aniy 
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manager would to-day put it in practice. "Whatever change 
has taken place is in the direction of less stripping and more 
underground work. 

There are instances of stripping 55 feet thick in individual 
places, and of a general average over the whole ore-body of 
more than 35 feet; and nowhere is the average over any large 
area as low as 20 feet. Most estimates on the amount of strip- 
ping are grossly inaccurate because of the large allowance 
necessary to cover berm, slopes and approaches. Just how 
much to allow for approache's, in order to steam-shovel the 
deeper ore, is not yet fully apparent. As to relative depth of 
ore and surface, it is probable that 1 foot of surface to 2 feet of 
ore would nearly constitute the dividing line in actual practice 
to-day. 

If the average thickness of ore were less than 70 feet and 
the average surface-layer exceeded 35 feet, it is likely that 
most managers would select the underground system. The 
fact that market-conditions have made the probable output of 
a property a matter of the vaguest guesswork has operated to 
make managers very careful about heavy preliminary outlays. 

The benefits of stripping are many and great, and the saving 
in mining cost is large. The absence of timbering ; the use of 
l)lack powder instead of dynamite, and the heavier charges of 
powder ; the possession of daylight and pure air ; the greater 
safety; the possibility of immense outputs just when desired; 
and the almost entire absence of expense outside of the ship- 
ping-season, make this plan of work the ideal one for the 
operator, l)ut thc^ most undesirable for the laborer and for the 
town near whi(‘h the mine is situated. All the benefits men- 
tioned accrue eipially to the milling and the steam-shovel sys- 
tems. The average cost of stripping prior to 1897 has not 
])een much less than 50 cents per yard, while the present cost 
is between 30 and 35 cents per yard. There is to-day a marked 
improvement in handling the earthwork, not in general meth- 
ods but in the use of powder and a better acquaintance with 
the behavior of the material. In one instance, after 8 years' 
experience, an operator moved as many cubic yards in a month 
with one shovel as had been done at first with three. 

In stripping, a simple inspection will usually determine what 
ore is np to grade ; but in many instances analyses and careful 
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calculation are necessary to determine wlietlier tlie loss would 
be greater to ship as ore or cart off to the waste-dump as strip- 
ping, As to cost of stri];)ping per ton of ore, it is probably 
safe to name 10 cents per ton of ore as a minimum and 20 
cents as a maximum. In this estimate the original cost has 
been augmented hy a reasonable allowance for interest on in- 
vestment, as it Avould naturally be some years after ore was 
stripped before it was all mined. 

A description of the steam-shovel work will not he given 
here, as it involves only probleihs of earthwork handling, and 
is only indirectly connected with mining proper, as fixing costs 
with which the latter must compete. 

The milling-system consists of stripping the ore and hoisting 
through a shaft the ore which is worked in an open pit and 

milled’’ into undergi’ound cars. The location of the shaft, 
the depth at which the tramming-level is started, and the plan 
and size of drifts are the same as in underground mining, and 
will be described in that connection. 

After the shaft is sunk and the drifts are completed, raises 
are put up to the top of the ore about eveiy 50 feet, and chutes 
are put in at the level. Mining then begins at the top, by 
drilling beside the chute 8 to 15 feet deep, and, after squibbing 
with dynamite, loading the hole with black powder and firing. 
In most of the Mesabi mines the ore breaks up sufficiently fine 
in falling to ‘‘mill” through the chutes; but in the A (lams 
mine it is so hard that great difficulty is experienced from the 
tearing out of the chutes hy the falling masses. 

This system has all the advantages of the steam-Bliovel 
method (unless it be in the matter of pumping) and the addi- 
tional advantage that no change in system is required us gre^ater 
depth is reached, and also that no long approaches ar(‘ !ie<^es- 
sary. The cost probably exceeds that of steam-shovd work 
by about 10 cents per ton of ore. In open-cut mining it is pos- 
sible to take out all the ore, while no plan of underground 
work can avoid losing a considerable percentage. In mining 
soft ore with a sand capping, the taking care of the liauging- 
wall is the expensive part; and if this is removed entiredy, the*, 
benefit accrues to all the ore uncovered, irrespective of method 
of operating or the depth at which mining is done. Thus if, 
with greater depth, loading with steam-shovel into railroad-cars 
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should not prove feasible, the benefits of having uncovered the 
ore do not on that account cease. 

In underground work on the Mesabi range, the planning is 
greatly simplified by the possibility of determining in advance 
the limits of the ore. This is accomplished by test-pits sunk 
until stopped by water, and the remainder tested by drilling. 
The cost is from $1.25 to $3 per foot until solid rock is 
reached ; and by sinking a pit every 250 feet each way, the 
top-, bottom- and side-walls are determined as well as the 
quality. If there has been any change in the practice of oper- 
ators, it is in the direction of more thoroughly prospecting be- 
fore commencing to equip for active mining. In selecting the 
location of a shaft, it is desirable, if possible, to place it in or 
near the deepest ore ; to plan that the tracks shall pass over as 
little ore as possible ; and to have the possibility of a 1 per 
cent, grade down to the shaft as well as away from it. 

Where it can be accomplished without too great inconve- 
nience, the shaft is placed near the rock-wall, and as central as 
possible, to avoid long trams. It is customary to avoid sinking 
through rock, because of the expense ; but this is of less im- 
portance than the preceding conditions, since it would add less 
than $1500 of total expense; and this, with interest, would be 
less than 0.5 cent per ton on 500,000 tons. When a new shaft 
is to be sunk, it is the preference of the writer to sink a test- 
];)it through the surface near the proposed location of the shaft 
and drift on the top of the ore or rock until the junction is 
reached, and then sink the shaft on a dip of 70° with foot-wall 
8 or 4 feet from rock. The choice between vertical and incline 
is largely a matter of taste; hut 70°-inclines have seemed to 
have the i)reference lately. Our shafts all have three compart- 
ments, of -which two are for hoisting and the third for pipes 
and ladder-way; but there is a tendency developing to avoid 
lirc-risk by placing the ladder-way away from the hoisting- 
shaft. In most cases, the bottom of the shaft is provided with 
a pociket sutiicient to hold a few skip-loads, to avoid delay in 
case of a temporary stoppage of the skip. 

In selecting the depth at which to start the main tramming- 
levcl (the ore having been previously well tested by pits), it is 
usual to place it as near the bottom of the ore as possible, un- 
less two 50-foot stopes can be planned for; in which case the 
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lower one is placed at the bottom of the deposit^ care being 
taken not to go so low that rock-drifting would be neeessarj-. 
Where possible, a height of about 50 to 60 feet above level is 
preferred. Hear the shaft, the main gangway is usually 14 feet 
wide within timbers; but away from the shaft 12-foot caps, 
giving 10 feet in the clear, are common. 

There are two distinct systems of drifting, in one of w-hich 
12-foot drifts with right-angled turns are used, while in the 
other all turns are of 45°, and, with the exception of the main 
gangway, the drifts are 5 or 6 feet wide and untimbered. 

The two general methods of stoping in use on the Mesabi 
range are the subbing-and-slicing system and square-set work. 
A third system (the use of saddle-back stulls) which, in the 
opinion of the writer, promises a reduction in cost over either 
of the others, is still in the trial-stage. 

In the first, sub-levels are planned every 12 J feet above the 
main level until the top of ore is reached, and the top sub is 
worked out, planked and caved, and each below is taken in 
turn. By this sj^stem all ore is drifted out and shoveled and 
dumped into chutes leading to the main level, where it is 
trammed to the shaft. The method is based on the principle 
that drifting gives the cheapest ore. 

By the square-set method, 40 per cent, or more can bo 
“milled” into cars, and, by overhand stoping, the product per 
man in the room is made large; but in filling the room and 
taking out the intervening pillars the expense is greatly en- 
hanced. In a year from now more definite information (*an 
be had regarding the removal of pillars between squarc-std 
rooms. 

In the third system, a 16- or 20-foot drift is run next the sand 
or top of the ore, and another directly under it on the main 
level. The top one is timbered by cutting hitches in the sidt'- 
walls and setting in stulls, which meet at the center and bracts 
against each other like the rafters of a house ; and over these 
stulls is placed lagging, up to the back. A raise is then put 
up, and underhand stoping begins from the top. When the 
room is ready for stoping, the product per man is surprisingly 
large. The plan has but lately been put on trial, and several 
problems remain unsolved. Whether it is best to drive the 
top drift first ; whether to put up the raise at the inner or outer 
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end or the middle ; whether any or nearly all the ore from the 
rcom can he “milled;” whether the room will be harder to 
fill than a square-set room ; whether the pillar can be removed 
as readily as in square-set work; and whether the bottom drift 
ought to be of the full width of the room or just wide enough 
for one car — all these problems will be studied and thought 
out, and in another year more definite information ought to be 
available. For the introduction and development of this sys- 
tem great credit is due to Mr. Geo. H. "Wallace, superintendent 
of the Fayal mine. This is not the first time Mr. Wallace has 
shown himself one of our most progressive mining men in 
j)lanuing new methods. 

In economy of ore the first method seems to the writer to 
have the advantage, while in cost per ton the third and second 
seem to have the preference. The beet examples of the first 
method can be seen at the Genoa and Fayal mines; of the 
second, at the Lake Superior group, and of the last at Fayal. 

Our tramming is all done by hand, except at Fayal and 
Norman, where mules are used. It is not likely tliat electric 
or rope-haulage will be considered for our range, since long- 
distance tramming is now being done at rates that compare 
favorably with these systems, and long trams are not a neces- 
sity with us because, with our shallow depth, a new shaft can 
be sunk and equipped for $6000, w’hich, on 600,000 tons, would 
bo only 1 cent per ton. With market conditions so unstable 
and tlic probable output so uncertain, as they have been ever 
since our range started shipping, I think most of our managers 
would hesitate to install a costly plant unless the benefits ex- 
ceeded what now seems apparent. I do not moan to imply that 
our mines are worked with insufficient capital, or that our mau- 
agervS lack breadth of view or foresight. In both respects the 
exact opposite is true. We have no apologies to oficr for our 
mining; and if, after inspecting our mines, the members of the 
Institute have anything but words of praise for the systems in- 
trodu<!cd by Mr. Bacon and Mr. Olcott, and the business-like 
way in which they are carried out to the smallest detail, the 
writer will be disappointed. It is only intended to suggest the 
reasons why heavy preliminary outlay is avoided wherever pos- 
sible. 

A dcseription of methods of sampling will not be given, be- 
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cause there is no uniformity of practice. The exigencies of each 
mine determine the underground or pit-samplingj while ship- 
ments are sampled in 20 car-lots, except at Mahoning, where 
every 6 cars yields a sample. 

Our difficulties, records, costs and prospects will receive hut 
short mention. 

The manager may have several drifts in rock and still greet 
his friends pleasantly; he may have heavy fixed pumping- 
charges, or a tem] 3 orary deluge, and learn to face the situation 
with equanimity; he may lose a shaft or building by fire and 
recover from the loss; but what keeps him awake nights is 
trying to plan ahead without the least possible clue regarding 
what tonnage may be called for. 

In underground work, the Fayal record of 67,000 tons in a 
month surpasses any single shaft-record I have happened to 
hear of. This was hoisted with skips holding a little over 3 
tons. A milling-mine, the Auburn, with a 6-ton skip, hoisted 
67,000 tons in a month. 

In steam-shovel work, the Mountain Iron records of 5800 
tons in 10 hours and 164,000 tons in a month, arc unsurpassed, 
but wull probably he exceeded very soon. 

Regarding costs, it is nnwise to say more than that the 
milling-system probably puts ore on cars for about 55 per cent, 
of the underground cost, if stripping is included, while the 
total steam-shovel cost is probably nearer 33 per cent, of the 
underground. 

Regarding the future, it seems unsafe to predict much 
cheapening in mining cost, as economy is already practiced on 
every hand, the mines are equipped in a thoroughly business- 
like V7ay, and the wage-scale ought to rise rather tluui lalL A 
few improvements can he made ; hut costs arc al)out as low as 
ought to be expected, and managers may take some pride in 
having reduced them to the point they have reached. 
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Explorations on the Mesabi Range. 

BY E J. LONGYEAR, IIIBBING, MINN. 

(Lake Superior Meeting, July, 1897.) 

The rapid development of the Mesabi range has been a mat- 
ter of much wonder to those familiar with ore-deposits else- 
where, and much skepticism was shown when millions of tons 
of ore on the Mesabi ” was first reported. Now, however, with 
over 8,000,000 tons to its credit at the close of 1896, a prospect 
of 3,000,000 more this year, and more ore in sight ” than ever 
before, it is evident that the first claims for the range were not 
so greatly exaggerated as perhaps even those who made them 
thought they wmre at that time. An explanation of the ease 
with which these deposits have been explored is found in their 
mode of occurrence. Lying in flat beds and near the surface, 
and only exceptionally occurring under a taconite capping,^ ^ 
the prospector had only to sink a few vertical test-pits on a forty- 
acre tract down to the rock to be reasonably sure whether his 
property contained ore or not. If he found ore in one or more 
of these preliminary pits, he would then fill in with more pits 
until the ore-area was entirely outlined by test-pits from 200 to 
400 feet apart In the early days of the range the testing was 
almost entirely done by digging pits with pick and shovel. 
"When water was encountered, ^vork had to be stopped, unless 
a steam pumping-plant was put in, resulting in greatly-increased 
expenses. Latterly, drills have been used with great success in 
continuing the exploration after water has been struck in the pit, 
rendering further progress with pick and shovel impracticable. 

There are several kinds of drills in use. The diamond-drill 
is largely used, and possesses the advantage of being in readi- 
ness to drill rock if thought advisable, the taconite being very 
hard and almost impossible to drill except by the use of dia- 
monds. Some form of churn-drill has been much used. This 
may be either a steam- or a borse-power-drill. The principle 
is the same in each, the cutting being done by percussion in- 
stead of by rotation, as in the case of the diamond-drill. A 
churning motion is given by passing a rope from the top of the 
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drill-rods up tlirougli a sheave-wlieel and down again, running 
two or three times around the drum of the engine, leaving the 
end loose. The drum continually rotates, and a man at the 
loose end alternately tightens and slackens the rope, thus rais- 
ing and dropping the drill-bit at will. The bit itself usually 
has a single cutting-edge, rather thin toward the lower end, and 
a thread cut on the upper end, in order to attach it to the drill- 
rods, which may be the flush-joint rods used with the diamond- 
drill or extra-strong gas-pipe connected by extra-long couplings, 
to protect the threads from the strains occasioned by the pound- 
ing of the bit. In surface-drilling a 3-inch casing of common 
fi^as-pipe and a l|-inch drill-rod are used. In ore, a 2-inch 
casing is put in after the 3-inch has been stopped, and a 1-inch 
drill-rod is used. A IJ-inch casing-pipe has been tried several 
times for deep surface-work, and after it could be driven no 
further, a 3-inch pipe was inserted; but it was found that the 
sand is quite liable to rise between the two pipes and hold theni 
together, preventing the smaller pipe from being driven. As 
a rule, it is safer to start from the top with a 3-inch pipe, and 
make every effort to carry it through the surface. 

Surface-drilling requires more experience on tlie part of the 
drill man than ore-drilling, which is simpler in operation, 
although requiring great care in order to secure reliable re- 
sults. In surface-drilling many difiSculticKS arise calling for 
much ingenuity. A bit may be lost oft' and be wedged acu'oss 
the hole in such a position that it cannot be reciovei'ed, when 
perhaps a stick of dynamite will force it to one side, out of tlu^ 
way. Sand may rise between the drill-rods and casing-pipe at. 
a time when the pump refuses to work, holding the two to- 
gether so tightly that jack-screws will not loosen theitt. A 
number of methods will probably have to be tried befoiH^ the 
rods can be recovered. A boulder of any size is best over- 
come by shattering it with 60-por-eent, dynamite, (*are l)eing 
taken to raise the casing-pipe at least 5 feet after low(‘ring the 
dynamite to the top of the boulder. An electric batit^ry is 
used to do the blasting. Two or throe blasts will allow tlie 
casing to pass through almost any boulder unless it is an un- 
usually large one. Careful blasting and attention to keeping 
the pipe loose by turning it while driving are important points 
to be observed. 
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The cuttings are washed out by means of water forced down 
by a pump through the hollow rods and up again between the 
rods and casing. The operations of drilling, washing-out, and 
driving the easing are carried on sometimes singly, sometimes 
two at once, and sometimes all three together, according to the 
nature of the ground. A No. 4 pump is a good size to wash 
with. It can be easily lowered into a small test-pit, and it will 
handle enough "water in most cases. A cast-iron cylinder 10 
inches in diameter and 12 inches long, with a 2-ineh hole 
through the middle, weighing 240 pounds, makes a good 
drive-block. The hole is for the rods to pass through and act 
as a guide for the block, which is raised by attaching the drill- 
rope to it and operating it the same as in raising and dropping 
the drill-rods. 

After striking ore, if the material just above it is sandy, it is 
better to drive the 3-inch pipe 5 feet into the ore and stop, con- 
tinuing in ore with a 2-inch pipe, as fine sand is apt to run 
down behind the casing and injure the ore-sample if the same 
pipe is used in sand and ore. The Mesabi ores are too soft to 
make a core with a diamond-drill, and are generally sampled 
by the churn-drill, the cuttings made by the bit being washed 
out through a tee in the top of the casing. Even when a 
diamond-drill is used it is better to run it as a churn-drill, 
although the more rapid progress made with a diamond-bit 
ofters a temj)tatioii to use it. But the rovohdng rods, grinding 
on the casing-pipe, wear oft* a large amount of metallic iron, 
which mixes with the ore-sample, producing, at times, surpris- 
ing results in the assays. The cuttings made by the chopping- 
bit arc often washed out at the same time that the drill is work- 
ing; but more accurate results can be obtained by drilling 
a dry,'” that is, by chopping without pumping any water 
through the rods, the cuttings mixing with the water that 
stands in the hole. When the depth desired to be sampled has 
been drilled, the casing-pipe driven down, and the material that 
has boon packed by driving loosened by re-drilling, the chop- 
ping is stopped and water is turned on, flushing the sample to 
the top into barrels. The pump should be worked to its fullest 
capacity in order to bring up the complete sample "with a mini- 
mum amount of water. One barrel of water will usually be 
sufficient to wash out a 5-foot sample unless the hole is more 



540 


EXPLORATIONS ON THE MESABI RANGE. 


than 200 feet deep. After settling until the water is clear, it is 
drained off, and the sample is taken out, dried, quartered do'V'vn 
if desired, sacked and properly marked. When the ore is 
drilled “ wet,” the water carrying the sample is run through a 
series of three or four settling-barrels, the overflow from one 
passing into another. W^hen a sample has been drilled, the 
clear water is drained oft, and the sediment in the different 
barrels is collected together and dried. 

The dry method of drilling is preferable to the wet for two 
reasons. First, it drills a hole of uniform size, a very desirable 
feature in accurate sampling, whereas in the “ wet” method a 
stream of water is continually playing around the bit and will 
wash out more of the soft layers than the hard. The Mcsabi 
ores usually occur in alternate layers of hard and soft ore. 
Secondly, the water overflowing the barrels is liable to carry 
away more or less of the lighter parts of the sample, making it 
too rich in iron. 

The writer made some tests to determine the effect of incom- 
plete settling on the sample, and also the eftbet of heat in dry- 
ing. A sample was made up by mi.xing a lot of blue ore, brown 
ore, yellow ore and paint. After crushing to about the fine- 
ness of a drill-sample, it was carefully mixed and dividial info 
five portions. These were treated as follows : 

Portion A was analyzed for iron and phosphorus ; B was 
mixed in a pail of water, allowed to settle sixteen hours, Avat,cr 
poured off and sediment dried at less than 212° F. ; 0 was 
mixed in a pail of water, allowed to settle sixteen hours, water 
poured off and sediment dried at high temperature; I) was 
mixed in a pail of water, settled si.xtGcn hom*s, sediment <lried 
with considerable heat until nearly dry, and then tini.shed 
slowly; E was mixed in a pail of water, settled twenty minutes, 
water drained oft' and sediment dried at less than 212° F. 

The analyses of these dried ores resulted as follo-ws : 


A. B. 0. I). E. 

Iron, per cent., . . 59.23 69.69 69.95 69.07 CO.HO 
Pliospliorus, per cent., . 0.087 0.086 0.087 0.088 0.001 

The conclusions to be drawn from this tost are that too mindi 
pains cannot be taken in allowing a thorough settling of tlu! 
ore-sample before removing from the barrels, and that a rapid 
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drying will not injure the sample materially. I have^ however, 
made a practice of using considerable care in drying. 

The taconite underneath the ore is hard to drill, but with 
the aid of dynamite enough can be secured to determine its 
character. 

The drilling on the range is mostly done by contract ; |2 to 
|2.50 per foot being paid for ore, $2.50 to $3 per foot for sur- 
face, and $4 to $5 per foot for taconite. Three men to each 
crew work to the best advantage. Wages are from $1.35 to 
$2.25 per day. A good outfit costs about $800. 

An accurate map of the work should be made, drawn to a 
scale of 200 feet to the inch, and the ore-area marked on it by 
a line inclosing all the ore-pits. It is the practice to allow 100 
feet outside the ore-pits in locating this boundary line. The 
ore-area being measured on the map by means of a planimeter 
is reduced to square feet and multiplied by the average thick- 
ness of ore as determined by the different pits, giving the con- 
tents in cubic feet probably as nearly accurate as the prismoidal 
formula would give it. To reduce this to tons, 13 cubic feet 
is usually taken as equal to one ton. 


The Marquette Range. — Its Discovery, Development and 

Resources. 

BY JAMES E. JOPLING, MARQUETTE, MICH. 

(Lake Superior Meetiiif?, July, 1897.) 

Tjib county of Marquette, Michigan, includes nearly all the 
iron-mines that have been worked on the Marquette range, 
wliich stretches in a generally western direction from the mines 
at ISTcgaunee, 10 miles from Lake Superior, to those beyond 
Miohigamme, some thirty miles further. The geographical 
position of this range, nearer to eastern ports than the other 
iron-ranges, and its ready access from the lake, gave it for a 
long time a controlling advantage. The country in which the 
mines arc situated is from 800 to 1000 feet above the level of 
the lake, and is for the most part broken by steep hills, which 
rise from 100 to 200 feet; between these the land is rolling or 
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s’^'ampy. The eastern part is on the water-shed between Lakes 
Superior and Michigan, affording good drainage. 

Geologically, the range is in the Algonkian area, which is 
here generally less than 10 miles wide, and is bounded north 
and south by the Archaean, consisting of syenite, gneiss, granite, 
etc. The Lower and Upper Marquette formations, into which 
the Algonkian has been divided by Dr. Van Hise, of the U. S. 
Geological Survey, correspond to the Huronian formation of 
Canada. It is in a sub-division, termed by the same geologist 
the hTegaunee formation, that most of the ore-bodies occur, 
generally associated with the greenstones, which in many places 
underlie them, and in others cut across the formation in the 
form of dikes. Generally speaking, the soft hematite ores 
occupy a lower geological horizon than the hard ores, which, 
in some places, are found to rest unconformably upon them. 

The ore-bodies are extremely irregular in shape and size, 
and appear to be segregations in the mass of jasper, with which 
they are always associated. As a general rule, the soft ores 
occur beneath the jasper, and either in complete or partial 
basin-shaped deposits, in synclinal folds of the greenstone or 
schist, with a pitch to the west. The hard ores, on the other 
hand, usually occur above the jasper and next to tlie oveidying 
quartzite, etc., of the Upper Marquette forinatioTi. The depth 
to which these formations extend is yet unknown, although in 
the oldest mines which contain the hard or(^s from 12t)0 to 
1300 feet has been reached. The ore at greater <lepth is not aw 
extensive as near the surface. Soft ore haw not l)e(m (blh>we.d 
to such a depth on this range; the deepest mine ofGliiw descrip- 
tion reached nearly 1000 feet from the surface boibr(‘ the various 
shoots or chimneys from the main mass })in(*luHl out. Tln^ 
Digs. 1 to 11, inclusive, were prepared by the U. S. (Je<dogi(*al 
Survey, and show the characteristics of the ore-deposits in this 
district. I am indebted for them to Mr. George A. Newidt., 
who is publishing them in his Annual Hepori^ as Commissioner 
of Mineral Statistics of Michigan. 

Fig. 1 is a generalized section, showing the relations of all 
classes of ore-deposits to associated formations. On th(‘ riglit 
is soft ore, resting in a V-shaped trough Indween iho Siamo 
slate and an eruptive dike of Boapatono. In the low(*r (jentral 
part of the figure the more common relations of soft on^ to 
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vertical and inclined dikes cutting the jasper are shown. The 
ore may rest upon an inclined dike, between two inclined dikes, 
and also upon the upper of the two, or it may be on both sides 
of a nearly vertical dike. In the upper central part of the 















JASPER 









figure arc seen tlio relations of the hard ore to the IsTegaunee 
formation and the Ishpoming qxrartzite. At the left is soft ore 
resting in a trough of soapstone which grades downward into 
dioritc. 
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Fig. 2 exhibits sbarplj^-plicated jasper (black belts) and ore 
(white areas), showing the shattering of the jasper and concen- 
tration of the ore. The ore is proportionately greater where 
the folding has been sharpest. This figure was drawn from a 
photograph from the southeast corner of the Republic horse- 
shoe. 

Fig. 3 is a horizontal section of a chimney of ore on the east 
side of the Republic horseshoe. The left side of the ore is 
bounded by cross-joints. The right side is bounded in part by 
a sharp flexure, passing into a joint, and in part grades into the 
lean banded jasper and ore. The scale is 20 feet to the inch. 

Figs. 4, 5 and 6 are three cross-sections of ore in a trough 
of soapstone grading downward into diorite. In Fig. 4 the 
ore-deposit is solid. In Fig. 5 a dike shoots ofi*, and nearly 
separates this ore-body into two parts. In Fig. 6 the two dikes 
divide the same ore-body into three parts. This scale is 200 
feet to the inch. 

Fig. 7 is a cross-section of the National mine. On the left 
is soapstone, grading into diorite. Above this is hard ore; and 
overlying the hard ore are interstratified conglomerate^ ([uartz- 
ite, and schist. The ore is here plainly due to a replacamiout 
of the silica of the diflferent sedimentary bands by ore, although 
the original conglomerate was heavily ferruginous. The scale 
is 200 feet to the inch. 

Fig. 8 is a cross-section of Section 16 mine of the Lake Su- 
perior Iron Company. On the right is a V-shapcd trough, 
made by the junction of a diorite mass and a dike. The ha rd ore 
is between these and below the Ishpeming quartzite. On the 
left the hard ore again rests on soapstone, which is upon and 
interstratified with jasper, and is overlain by the Ishpi^ning 
quartzite. Scale, 200 feet to the inch. 

Fig. 9 is a cross-section of the Barnum mine, showing hard 
ore resting either upon folded soapstone or upon jasper, and 
overlain by soapstone. At the right of the figure is seen a 
layer of ore between two soapstone dikes. Scale, 200 fe<‘t to 
the inch. 

Fig. 10 is a longitudinal section of the Queen, rnm\) of 
Wales, and South Buffalo mines, showing the soft ore renting 
upon an impervious foot-wall of Siamo slate, and grading up- 
ward into jasper. Seale, 200 feet to the inch. 
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Fig. 11 is a crosS“Sectiou of same mines, showing how the 
slate is folded into two troughs, which are shown by the lon- 
gitudinal section (Fig. 8) to have a western pitch. Scale, 200 
feet to the inch. 

Fig. 8. 




The first defii.mte knowledge of the existence of iron-ore 
in this region dates from the year 1844, when the TJ. S. 
government surveyor reported its discovery in running the 
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township line south from Teal Lake, near Kegaunee. Previous 
to this time there had been rumors of its existence as well as 
that of other metals. Even as early as 1636, iir Lagarde’s 
hook of travels, published in Paris, there is a mention of iron, 
hut there is now no generally known account of any attempt 
to develop the mineral resources of the Lake Superior district 
during the occupancy of the country by the French, when so^ 
much was recorded of the travels of the J esuit fathers and of 
the traders. 

The period of occupation by the British also passed without an}' 
work in that direction, except so far as copper was concerned, 
and this work was entered into hy a company of proniiuent 
Englishmen. After a year or more of search for mineral veins 
from which the “ float ” had originally come, the enterprise, 
started by Mr. Henry, was abandoned. This Homy, who was 
for several years a trader on these shores, gave his opinion that 
mining of ore in this region would not pay^ until colonies had 
been established from which men and supplies could be drawn 
for the work. 

It is possible that the fur-ftaders were anxious to prevent 
settlements of any kind; and this is sufficient reason why dis- 
coveries of iron-ore such as are reported to have boon made 
were kept a secret. Added to this was the superstitions dread 
entertained by the Indians of revealing the hidden treasures of 
the earth. In the early part of this’ century no exploring was 
done along the shores of the lake, the P. S. government 
recognizing the Indian rights up to 1830, when Governor Cass 
and others made a treaty with the chiefs for this terrh,<uy east 
of the Mississippi. 

Previous to 1846 the War Department issued warrants leas- 
ing mineral lands at a royalty, and a great nuuiher of su<'h 
warrants were taken out, as is shown by maps puhlishcid up to 
that date. So far as is now known, the only work done on tins 
Marquette range under these permits previous to the discovery 
of iron was the sinking of shafts on a small vein of 8ilv(>r-l(ui<l, 
in what is now Presque Isle Park in the city of Marcpicttc. 
President Martin Yan Bureii was interested in this enterprise. 

When Michigan became a State in 18-37 and Dr. Ilouglitoii 
was appointed State geologist, the systematic exploration of the 
Upper Peninsula was begun. On the failure of the State to ruiise 
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enough money to carry on the work in detail, he persuaded the 
authorities at Washington to combine a geological survey with 
that of the township- and subdivision-lines ; and it was a result 
of this work that iron-ore was first discovered in 1844 as above 
stated. The next year a company was formed in Jackson, 
Michigan, to explore for minerals along the shore of Lake Su- 
perior. While at Sault Ste. Marie preparing to embark for 
Keweenaw Point, whither the exciting finds of copper were 
drawing men in great numbers, the explorers learned of this 
iron-ore, and a mining location was afterwards made at what 
is now the Jackson mine at Kegaunee; and upon their return 
next winter, the excellent quality of the ore was proved by 
smelting a small quantity in a blacksmith’s forge. 

The first attempts at mining in this district were made to 
supply ore for the Catalan forges erected near the mines and 
also in Marquette, the expense of shipment and the portage 
at Sault Ste. Marie preventing any but trial-lots of ore being 
sent away. Considerable iron was made at these forges, but 
always at a loss to those concerned. 

Writing of Marquette in 1851, Mr. Peter White of Mar- 
quette says: 

consisted of a few houses, a stumpy road winding along the lake shore ; a 
forge wdiich burned up after impoverishing its first owners ; a trail westward, just 
passable for wagons, leading to another forge (still more unfortunate in that it 
did not burn) and to the developed iron hills beyond, with two or three hundred 
people uncertain of the future ; — they had fallen into the march of the century 
and were building better than they knew.^’ 

In 1850 five tons of ore were sent to A. L. Crawford of New- 
castle, Pa. This was the first shipment of Lake Superior iron- 
ore to Lake Erie ports. In 1852 seventy tons of Jackson ore 
were sent to Sharon, Pa. 

The locks at Sault Ste. Marie were completed in June, 1855, 
and at the saine time a plaiik road was constructed from Mar- 
quette to the mines, and regular shipments were begun. In 
the following year the construction of a railway was begun, and 
it was completed in 1857. 

Tins railway was the nucleus of the present Duluth, South 
Shore and Atlantic railway-system ; and extensions to Cham- 
pion and Rcpuhlic followed the discovery of these mines, the 
extension to L’Ansc being built in 1872. The Marquette and 
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Western, now part of the same system, was built in 1884 to 
connect wnth the Detroit, Mackinac and Marquette railway. 
A consolidation of this system was effected in 1887, under the 
name of the Duluth, South Shore and Atlantic railway. 

The Peninsula division of the Chicago and ISTorth Western 
railway was completed from Escanaba to ITegaunee in 1864. 
In 1887 the Chicago, Milwaukee and St. Paul railway was 
built as far as Eepublic and Champion; and in 1891 the Iron 
Eange and Huron Bay railway was started from Champion to 
Lake Superior, but was never operated. 

The Lake Superior and Ishpeming railway was built in 1896 
by the Cleveland Cliffs Iron Co. and the Pittsburg, and Lake 
Angeline Iron Co. with docks at Presque Isle, just north of 
Marquette. Table I. shows the capacity of the docks operated 
by the above-named companies. It is taken from Mr. John 
Birkinbine’s Report of the Production of Iron Ore in the United 
States for 1895. 


Table I. — Capacity of Ore-Docks {^From Mr, John Birkinhinc^s 

Report), 



Height. 

Length. 

Number of Pockets 

Capacity. 

1 

(A 

aj . 

c- 

It 

§ 

Length of Haul from 
Center of Marquette 
Range. 


Feet. 

Feet. 


Tons. 


Miles. 

Marquette, D., S. S. & A. Ry., No, 1 

4,") 

1715 

270 

28,000 

3 



8 

44. 

lt>()() 

213 

14,000 

4 


8 14 

4 

47.G 

1280 

200 

30,000 

4 



Escanaba, C »Ss N W. Ry , No. 1 

4C, 

not 

184 

24, lot 

o 



9 

39. 

1152 

192 

20,928 

2 



3 

31). 

135l> 

220 

30,281 

2 


1 r>2 

4 

4(5. 

1500 

250 

32,750 

•> 



6 

51.10 

1392 

909, 

43,152 

2 



Gladstone, M., St. P. & S. Ste M. Ry 

47. 

708 

120 

17 000 

5 



Presque Isle, L S vS: I. Ry . .. 

54. 

1250 

200 

35 ; 000 

(5 

1 

1 


Table II. is a statement of the dates of first shipment, total 
tonnage, etc., of the mines on this range. Besides the names 
here given there have been a groat number of explorations, 
from some of -which small shipments were made. 

The figures in Table II. were mostly taken from the Reports 
of Commissioners of Mineral Statistics of this State, the figures 
for 1896 having been kindly given to me by Mr, George A. 
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Table n. — Shipments of the Principal Marquette Pange Mines. 


A. Active Mines. 


Name of 
Mine. 

First 

Ship- 

ment 

OJ 

a 

Cfi 

a 

O 

tw 

O 

u 

o • 

C. M 

0) 

"S . 
a a 

Remarks. 

Date 

a 

o 

H 

a: 

C/J 

ers 

00 

rH 

"3 

s 

ci 

.a 

2 o 

Ec; 

p. 

Cambria . . . 

1876 

6,329 

95,086 

848,538 

S R H. 

630 

Leased from Teal Lake I. Co. 

Champion 

1SG8 

6,255 

113,375 

3,082,715 

Sp &Mg. 

1800 


Cleveland.. 

1854 

3,000 

266,872 

5,877,442 

Sp & S R. H. 

703 

Cleveland Cliff's Iron Co. 

Foster .. 

I8ti8 

6,000 

See Iro 

a Cliffs 

S. R. H. 

450 

“ See 

Jackson 

Not 

cor 

re- 

ded. 

80,710 

3,461,685 

Sp. & S. R H. 

400 

Iron Cliffs 

The first iron-mine on Lake 

Lake Superior.. 

1858 

4,658 

459,575 

7,194,389 

920' 

Superior. 

Lillie 

1875 

144 

107,3261 

591,557 

S R. H. 

898 Leased from Teal Lake Iron 

Mesabi Friend 

1873 

1,432 

10,540 

16,043 

Siliceous. 

*800 

Co , former “Bessemer.” 
Carr and Gribben. 

Neguunee 

1887 

5,259 

175,393 

823,672 

S. R. H. 


Pittsburgh and 
Lake Angel- 
mo I. Co . . 

18G4 

19,500 

342,351 

3,694,811 


500 


Queen 

1880 

10,860 

325,571 

2,469,396 

« 

450 Includes Bufifalo, South Buf- 

Palmer . . . 

1805 

3,433 

1,041 

4,474 

Siliceous. ! 


falo, Prince of Wales, Blue. 

Richmond . . . 

1806 

1,088 

1,088 

1,088 

ii 



Republic 

1872 

11,025 

127,300 

4,378.386 

Sp & Mg. 1 

1300 


Salisbury 

1872 

545 

See Iro 

n Cliffs. 

S R, H. 

750 

Cleveland Cliffs Iron Co. See 

Winthrop 

1870 

3,469 

149,437 

1,974,350 

« 

700 

Iron Cliffs. 

Includes Mitchell. 

Iron elm's Co 


245,588 

3,606,306 






B. Suspended Mines. 


Name of 
Mine. 

First 

Ship- 

ment. 

a 

o 

Vi 

a 

a 

a 

CO 

a 

o 

Character of 
Ore. 

B 

a tA 
Ba 

Remarks. 

Date. 

Tons. 

Date ol 
SU5 

Eh 

4.i> 

o 

Erl 

£ o 

ftQ 

ft 


Chcfiire 


13,415 

1894 

217,089 

S. R. 11. 

300 

Former Smith, Swanzy included 

Cliffs Sliaft 

1«()8 

11,380 

1893 

Specular. 

GOO 

Including Barnum. See Iron 
Cliffs Co. 

Hartford 

1889 

500 

1895 

14,480 

S. R H. 

450 


numt)okU 

1805 

4,782 

1895 

723,961 

Sp. & Mg. 

650 

Former W’ashington. 

Imperial 

1882 

1,766 

1892 

115,076 

491,280 

Limoni te. 

100 

Former Wetmure 

Lucy 

1870 

4,860 

1893 

S. R H. 

400 

Former McComber. 

Michlgamme... 

1872 

141 

1891 

880,362 

Sp. & Mg. 

1100 


Riverside 

1888 

5,622 

1890 

16,160 

1,073,487 

200 


Volunteer 

1871 

4,171 

1894 

Specular. 

500 

Former Pittsburgh and Lake Su- 
perior. 

Star West 

1873 

1,091 

1895 

181,004 

Soft rod Hem 

300 

Former Wheat or Home. 

Dexter 

1883 

4,878 

1896 

117,385 

U (1 tt 

500 

And Doy, 


KxrLANATXOWK : Mg. Magnetic. Sp. = Specular. S. B H, — Soft red hematite. 
Some all-rail ahipxncnts to local furxxaccs are not included in the above table. 
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Table IL — Concluded. 


" 




c 

• 

x\bandoxed Mines 

• 

Name of 

Mine. 

First 

Ship- 

ment. 

X » 

H-t ^ 

2 

0 

Is 


Remarks. 


a? 

_ 

1 

L .1 ^ 

s ^ 

a 

Xi 

0 

p. 

<1 


iAmeriean 

' i ' 

ISSOl l,]97ll892; 112,93:3 

Specular. 

S. R. H. 

500 

Sterling. 

’Albion. 

Allen 

1S73 

1872 

1,186 1879: 4,592 

8,70711874! 9,347 


'Ameti 

1893 

1,1031189^ 

6,298 




iBay State 

1872 

7,63311882 

16,637 



Indiana. 

iBeaufort 

1882 

5,532! 1887 

90,217 


400 


1 Bessie 

1891 

847 


847 

Limonite. 

100 


! Boston 

1880 

6,478 1884 
949:1883 

62,544 

Specular. 

400 


Chicago 

1879 

9,0121 S. R H. 



Colombia . . 

1873 

21,271 11883 

94,813 

Sp & Mg 

300 

Kloman. 

Davis ... 

1884 

4, 098 11895 

121,151 

17,780 

S. R. H. 

450 1 W h eeling and Grand Rapids. I 

Del & Lackawanna . 

1886 

8,823 

1888 


250 

Sam Mitchell. 1 

Detroit 

1882 

5,402 

1890 

140,8411 

600 


East Champion 

1873 

12,701 

1889 

76,002 

Limonite. 

400 

Keystone. | 

Erie .. ... 

1876 

1,058 

1883 

8,i:36 

Mag 

100 

East New York .. 

1888 

13,691 

1893 

166,243 

S R. H. 

500 


Fiteh 1 

1890 

16,550 

1895 

31,817 

Specular 

150 


Gibson 

1885 

1,515 

1887 

16,357 

Limonite. 

100 


Goodrich . . . 

1873 

3,25'' 

1882 

49,754 

Specular. 



Iron Mountain... . 

1865 

898 

1875 

18,:H1 

Siliceous. 



Manganese 

1871 

4,787 

1879 

27,582 

Manganese. 



Milwaukee '1879 

941 

1890 

375,451 

S. K. H. 

400 


New York Hematite 

1870 

1,809 

1882 

37,587 



Grand Central. 

.National 

1878 

4,191 

3,150 

1884 

150,216 

Specular 

400 


New England 

1866 

1873 

110,506 

300 


.New’ York 

1864 

8,000 

1894 

1,113,102 


400 

York. 

North Champion.... 

1887 

886 

1890 

30,574 

Limonite. 

300 

Hortense. 

Norwood 

1887 

2,-m 

1888 

6,753 

“ 

.... 


Platt 

1892 

2,676 

1896 

73,844 

S. R, H. 

200 


Phoenix '1881 

10,986 

1887 

59.114 

Limonite. 

100 

Dalliba. 

Pendill '1878 

3,386 

1884 

45,993 

S. R. H. 

200 


Pa&eoe 

1882 

18,880 

1886 

59,8n6 

Limonite. 

150 


Rolling Mill 

1871 

236 

1888 

2.34,625 

S. R. H. 



Saginaw 

1872 

18,503 

1891 

451,424 

Specular. 

400 


Spurr 11873 

31,933 

1886 

164,244 

Sp. & Mg. 

400 


St Lawrence 

1882 

9,992 

1887 

23,395 

Limonite. 


Nonpareil. 

Samson 

1866 

2,843 

1,110 

1892 

267,805 

Sp <&Mg. 

S R H. 

500 

Edwards or Argyle. 

Taylor 1880 

1883 

32,970 


Titan 

1882 

1,77811888 
4, 443! 1889 

90,371 


400 


Webster 

1882 

14,108 




West Republic 

1881 

7,354 1889 

133,077 

Mg. & Sp. 

'600 



Explanations: Mg. — Magnetic. Sp= Specular. S. R H. = Soft red hematite. 
Some all-rail shipments to local furnaces are not included in the above table. 


Newett, from the advance sheets of his report. From this 
table it will be seen that the names of some of the first com- 
panies still appear as the largest shippers — a good indication 
of the permanence of their deposits. 

The first stimulus to the ore-trade was the Civil War. In 
fact, there had been no returns to any of the capital invested in 
the district previous to 1862, when the Jackson Co. declared 
its first dividend. From this time the yearly shipments in- 
creased from 124,169 tons to 1,162,458 tons in 1873 — ^after 
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wliicli they gained slowly until 1890 when they reached the 
highest point, namely, 2,993,664 tons. 

During the comparatively high prices that obtained until 
1890, an enormous amount of exploring was done on the range ; 
but since the opening of the Republic mine in 1872, there have 
been few profitable undertakings in new territory. Among 
these few are the Queen group and the ITegamiee. The vicinity 
of the Republic and the Champion mines, with their pure, 
partly magnetic ores, was favorite ground; but none of the 
properties opened up near those mines are on the present ship- 
ping-lists. 

It was not until 1870 that the soft hematite ores of the dis- 
trict were considered to have any value; all the previous work 
having been done in the hard ores. But in the next few years 
a large number of pits were opened at the east end of the range 
in this grade of ore. After the discovery of the Menominee 
and later of the Gogebic, Y"erniilion and Mesabi ranges, the 
number of explorers on this Marquette range gradually dimin- 
ished. Beginning in 1880, a number of pits in limonite ore 
were opened near Champion and also near Miehigamnie. This 
ore, which was apparently quite shallow and in no case very 
clean or regular, could be mined with profit only while prices 
woi’c higher than usual. The last, and the most extensive, 
mine in this kind of ore, the Imperial, was shut down in 1892. 

But a short time after the abandonment of Catalan forges for 
smelting the ore, the building of charcoal blast-furnaces began. 
The first was the Bioncer, erected at hTeganiiee in 1858. This 
fiiruaci^ went out of blast in 1893 and the owners, the Cleve- 
land Oliffi Iron Co., have built a furnace at Gladstone, having 
a capacity of about 125 tons a day. At least 20 of these fur- 
naces were built in the district, and as a usual thing they began 
by producing loss than 10 tons of pig-iron per stack j)er day. 
Nearly all of them have been dismantled, and all are now out 
of blast; though the Excelsior at Ishpemiug is expected to start 
again shortly. Beginning with war-times, and while the supply 
of hard-wood was abundant, they were very successfiih One 
of these furnaces was intended to burn peat, and two of them 
anthracite; but they were afterwards changed, for the use of 
charcoal. 

iTiis l)usiue8s did much to stimulate the settlement of the 

voXi. xxvju. — S7 
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district, by clearing away the forests, whereby many finds of 
ore were made, as well as by the direct profits of the undei tak- 
ings themselves. 

The methods employed in the early stages of development of 
this range, half a century ago, were primitive indeed. For 
many years — ^in fact, as late as 1880 — ^most of the ores at Ish- 
peming and hTegaunee w’ere worked in open pits. Tunnels 
were put in for the railway-tracks, wherever practicable ; and 
after the sand and gravel had been removed, and the ore 
blasted down, it was loaded directly into the cars. Where the ore 
had to be raised, use was made of derricks and horse-whims, or 
else of carts on inclined roads. Tram-cars were first used about 
1880 ; before this time wheelbarrows and trucks were employed. 

Iland-drills and hammers were the only means of putting 
down holes in the hard ore or rock ; power-drills driven by 
steam or compressed air were not introduced until 1878. 
Nitroglycerin largely took the place of powder in the mines 
about 1869. The development of these irregular bodies of ore 
was aided to a marked extent by the introduction of diamond- 
drills, by the use of which a core could be taken, proving the 
ground in some places to the depth of 1000 feet. With them 
it was possible to locate an ore-deposit situated under a swiiin[», 
or, by drilling through the ice of a lake, to determine the jtres- 
ence of enough merchantable ore under the bed of it to war- 
rant a large expenditure of money — as was the case with Lake 
Angeline. 

An interesting estimate of the cost of mining in Lake 8!u])t>- 
rior and a comparison with similar cost in Sweden, from 
Major Brooks’s State Geological Report of 1873, pages 255 and 
256, is republished in Table III. 

The system of stoping hard ores, and leaving pillars enough 
to support the hanging-wall, was the one generally adojited. 
Many of the mines opened under this plan have been since 
filled, and the pillars have boon removed. 

The soft ores were usually worked with square sets of timber, 
as ill the mines of the West. This system paid when the 
price of that kind of ore was as high as in 1800 ; hut it has 
been largely abandoned for the caving-system, variations of 
which, to suit the different hardness of the ore or surrounding 
material, make up the plan now usually adopted. 
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Table m. — Comparative Costs of Mining, Taken from T. B. 
Brooks’s State Report, 1873. 


Cost of Mining Hard Ore on Lake 
Superior 

Cost op Mining Hard Ore in Peesberg 
Mines, Sweden. 


Per 

Cent. 

Based on 
Total of 
$2 64 per 
Ton. 


Per 

Cent 

Based on 
Total of 
$2 20 per 
Ton. 

Pead-woik 

Mniins-labor 

MatennLs, tools, etc 

Handling and pumping 
Management.. .... 

28 1 

39 8 

11 9 

15 6 

4 6 

$0 742 

1 050 
0.313 

0 418 

0 122 

In the mines 

Pumping 

Hoisting 

Dressing 

Picking 

Buildings 

General expenses 

38 66 
3.50 

11 17 

8 12 

5 65 
16.45 
16.45 

$0 85 

0 07 

0 26 

0 IS 

0 12 

0 36 

0 36 

Total 

100.0 

$2,640 

Total 

100 00 

$2.20 


The use of timber in such large quantities as are required 
for the mines has depleted the immediately adjacent forests, 
from which the hard-wood and the best of the white pine had 
already boon cut. Wood is now brought a considerable dis- 
stance by rail or water. The principal kinds used are the 
Norway and some white pine, generally of too poor a grade for 
lumber; these, with a small quantity of hemlock, are used for 
logs and caps. In size they run from 6 or 8 inches through up 
to 24 inches, or higher, according to the nature of the ground 
and the periuauonce of the work. Tamarack and some spruce 
is used for ladders, poles, etc., while cedar, being light, is the 
favorite for lagging or blocking. Coal has almost entirely 
taken the place of wood for fuel, being brought as a return 
freight from Lake Erie ports by the fleets of vessels owned by 
the diflbrent mining companies. 

No water-power has been used for generating electricity 
for the mine. At Republic the air-compressors are driven by 
the I'alls of the Michigamme river. 

Table IV. shows the shipments from the Marquette range 
from the start, together with the reported selling prices and 
also vessel freight-rates. 

It will he seen that the Marquette range has shipped 
40,542,002 tons of iron-ore, or nearly half of the entire Lake 
Huperior product to date. 

Since 1890, owing to the rapid development of the largo 
mines on other ranges, and the dull times prevailing in the 
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Table IV. — Shipnents from the Marquette Bartge. 



Total 

Pbice op Ore at Lake 
Erie Ports 

Vessel Rates per Ton 

TO Lake EitiE Ports. 


Shipments. 

Bessemer. 

Non- 

Bessemer. 

Marquette. 

1 

Escanaba. 


Tons. 

Dollars. 

Dollars. 

Dollars. 

Dollars. 

1851 

3,000 






1855 

1,449 







1850 

36 , 343 

8.00 

8 00 

3 00 



1857 

25,646 

8.00 

8.00 

3.00 


1858 

15,876 

6 50 

6.50 

2.00 to 2.50 


1K.59 

68,832 

114,401 

6.00 

6 00 

2.00 “ 2.50 
2 00 “ 2.50 


1860 

5 25 

5 50 


1861 

49,909 

5 25 

5 00 

2 00 “ 3.00 


1862 

124,169 

5.25 

5 37 

2.25 “ 4.50 


1863 

203,055 

7 50 

7 50 

3 00 “ 4 00 


1864 

243,127 

8 50 

8 50 

3 00 5 00 


1865 

236,208 

7 50 

7 50 

2 50 “ 5.00 


1866 

278,796 

9 50 

9 50 to 14 00 

2 75 6.50 

2.50 to 5 75 

1867 

473,567 

10 50 

8.00 “ 11 50 

2 00 “ 4 00 

1.50 “ 3 50 

1868 

491,449 

8.25 

8 25 

2.25 “ 3 25 

1 60 “ 2 (K) 

1869 

617,444 

8 25 

9 50 

2.75 “ 4 10 

1.50 “ 2 50 

1870 

830,940 

8.50 

8 50 to 9.50 

2.50 “ 8.25 

1 65 “ 2 50 

1871 

779,607 

8.00 

8.00 

2.25 4.00 

1.50 “ 2.50 

1872 

900,901 

9 00 

7 50 

2.85 “ 6.60 

2 00 5 25 

1873 

1,162,458 

12 00 

9.00 

3.25 “ i 00 

2 30 “ 3.00 

1874 

919,557 

9 00 

7 00 

1.60 2.50 

1.30 “ 1.40 

1875 

891,257 

7 00 

5 50 

1 30 “ 1.50 

1.10 “ 1 30 

1876 

992,764 

6 75 

4 50 

1.25 “ 2.20 

0 70 “ 1.45 

1877 

1,010,494 

6 50 

4 25 

1.25 ‘‘ 2.00 

0 65 3 50 

1S7S 

1,033,082 

5 50 

4.25 

1.00 “ 1.50 

0.60 “ 1 35 

1879 

1,130,019 

6 25 

4 75 

1.25 8 00 

0 70 “ 2.10 

1880 

1,384,010 

9 25 

S 00 

2 no “ 2.75 

1 50 “ 2.00 

1881 

1,579,834 

1,829,394 

9 00 

7 00 

2.00 “ 2.30 

1.00 « 1.60 

3882 

9 00 

6 25 

1.25 “ 2.00 

0 90 “ 1 10 

1883 

1,305,425 

6 25 

5.00 

1.30 “ 1.75 

0.90 “ 1.00 

1884 

1,539,912 

5 76 

4.50 

1 00 

0 65 

1885 

1,430,863 

5 50 

4 25 

1 40 

1 00 

1886 

1,627,883 

5 50 

4 75 

1 75 

1 35 

1887 

1,851,717 

7.25 

5 25 

2.15 

1 75 

1888 

1,918,672 

5 50 

4 75 

1 10 to 1.15 

0.90 to 1 .45 

1889 

2,634,817 

5 50 

4.50 

1.10 “ 1.25 

0 90 “ 1.25 

1890 

2,993,664 

6.75 

5.75 

1 00 “ 1 25 

0 85 “ 1.05 

1891 

2,511,395 

6.00 

4.75 

0.70 “ 1.40 

0.55 “ 1.25 

1892 ‘ 

2,680,194 

5 50 

4.85 

0.80 “ 1.15 

0 65 “ 1 .00 

1893 

1,831?, 750 

4.25 

3.00 to 3.50 

0 50 0.95 

0.45 0.80 

3894 

2,059,241 

2.75 

2.15 

0.55 

0.40 

1895 

2,005,166 

2.75 to 3,50 

2.15 to 2 30 

0.60 

0 15 

1896 

2,473,051 

4.00 

2.45 » 2 85 

0.66 

0.52 

1897 

* 

46,542,662 

2.65 

2.00 “ 2.60 

0.50 

0.40 


iron-trade since 1892, the product from the Marquetto ran^j^o 
has not increased, many of the smaller mines and some of 
the larger ones having suspended operations or ahuiulonod 
woi’ks altogether. 

The causes above stated have forced the mining com])aiues 
to adopt a policy of strict economy, in methods of mining 
especially, under which the cost has been materially reduced. 
This reduction is partly owing to the fact that the mines had 
been previously opened up far ahead of their present needs, 
and had been equipped with modern machinery. 

* It is tLoaglit that the shipments of 1897 will approximate those of 1806. 
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Islipeming and Negaunee remain the center of mining on 
the range; in fact, except Eepublic and Champion, nearly all 
the ore shipped is from their city limits. 

The iron business has been the chief industry of the dis- 
trict, though attempts have been constantly made to develop 
its other resources. The beds of brownstone at Marquette 
have been worked for over 25 years. Among the ventures 
in which large sums have been spent there may be mentioned 
the slate quarries at L’Anse, which were worked intermit- 
tently for 20 years, but proved too expensive to operate without 
railway facilities. 

The Eopes gold-mine, opened in 1881, is still woiddug, 
and has produced something like |600,000 worth of gold and 
|50,000 worth of silver, though it has not been a source of 
profit to its owners. The shaft is down to the 850-foot level, 
and the vein holds out about the same as near the surface. 
The average yield is from f 2 to |3 per ton ; the ore-body is 
550 feet long, and the formation has a width of from 30 to 50 
feet. 

Work at the Michigan gold-mine, in which such rich pockets 
w’ere found, was suspended in 1893. It may well be thought 
that a larger amount of capital may some day be rewarded in 
this field, which has promised so much. 

Many explorations have been made on small veins of silver-, 
lead- and copper-ore, but not enough has been found to war- 
rant further work in them. 

There is fine granite in large quantities favorably located 
near Lake Superior; and immense hills of verdJ antique marble, 
near the railway, awaiting capital to w''ork them. 

The development of the ores of the range has been greatly 
assisted by the well-known geologists who have been con- 
nected with the tTnited States and the State Survey. 

Dr. Houghton has already been mentioned. He was followed 
by Foster and Whitney, who published in 1850 the results of 
their explorations. 

The work has been ably carried forward in different lines by 
such men as Brooks and Pumpelly, Charles E. Wright, Dr. 
Wadsworth, Dr. Hubbard and Dr. Van Ilise, who have all 
published valuable reports at diifercnt stages of its develop- 
ment. 
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Some Dike Features of the Gogebic Iron-Range. 

BY C. M. BOSS, BESSEMER, MICH. 

(Lake Superior Meeting, July, 1897 ) 

Throughout the Lake Superior Basin each of the great irou- 
rangeSj from which vast quantities of iron-ore have been, and 
are now being mined, presents characteristics differing from 
each and all of the others. 

One of the most peculiar of these varying features is found 
in the dikes of the Grogebic range. From an economical stand- 
point this feature of the dikes has been studied by our jiractieal 
mining men more than any other geological phenomena in con- 
nection with the deposits of merchantable iron-ore. Tu the 
greater portion of our mines these dikes appear to form the 
riffles in the sluice of the ore formation, against whicli the 
particles of iron oxide are deposited in the process of (*on(‘on- 
tration out of the quartzose matrix which is termed the iron- 
bearing formation. 

In composition these dikes are apparently of a dioritic forma- 
tion, more or less altered and decomposed, comparatively soft, 
and sometimes almost steatitic. While frequently showing 
something of a cleavage in the direction of their pitch, they arcj 
devoid of parallel laminae, and when broken assume the form 
of irregular angular fragments. They are generally of an asby 
grey color, but sometimes at great depth are found to he (piite 
dark, almost black, and of a very hard massive nature, showing 
radial or fibrous crystallization. 

Practically all of the dikes thus far discovered in the iron 
formation are approximately at right-angles with the dip of the 
formation, and the greater number of them have an averugij 
easterly dip of from fifteen to eighteen degrees. Sometimes, 
however, they are folded in such a manner as to form long syn- 
clinal basins ; but while their western or initial extremity is IVe- 
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qucntly found at or near the surface, their eastern extension, so 
far as they have been followed, invariably shows a downward 
tendency. There are several instances in which they have heen 
found to be nearly vertical, but wherever the slightest inclina- 
tion is shown it is always to the east. 

In the early history of mining operations on the Gogebic 
range it was thought by many that a large dike, that is, a very 
thick one, was the bottom of all things so far as iron-ore was 
concerned, and that nothing of any value would be found by 
sinking through them. But as the £rst dikes were found at or 
near their western extremity, and all lying eit echelov, with an 
easterly pitch, the reasonable deduction should have been that 
if the ore-hocly overlying one dike was continuous, it would at 
some depth be found under the next dike to the eastward. 

The inquisitive nature of the American miner soon required 
some evidence more tangible than opinion or theoi'y as to what 
would he found under the dikes. Shafts were continued 
through them; and in a majority of eases these efforts were re- 
warded by finding another lens of ore lying upon a similar 
dike, and in some instances succeeding ore-lenses and dikes 
were found to the number of three or four. In most cases, 
however, ferruginous quartzite of varying thickness was found 
immediately underlying each dike, forming a cap to the suc- 
ceeding deposit of ore. 

lu 1889 the Metropolitan Iron and Land Co. caused a 
diamond-drill hole to bo bored near the west end of the Norrie 
mine. This drill-hole, started at a point 982 feet north of the 
surface-lino of the foot-wall, and sunk vertical, entered the foot- 
wiill at a depth of 1500 feet, thus indicating the average dip of 
the Ibotrwall to ho 56 dog. 45 min. The records of this drill- 
hole show that nine successive dikes are to be encountered in 
mining before that vertical depth is attained. The existence of 
huge bodies of ore above and below the upper three dikes has 
already been proved by actual mining operations ; and the evi- 
dence of the drill-hole is to the effect that large deposits of ore 
will be found lying on the foot-wmll both above and below the 
lower two dikes. 

From tlu! present development of the iron-formation on this 
range, I can see no valid reason why a succession of dikes and 
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deposits of ore may not reasonably be expected to be found to 
a depth at least equaling the limits of economical mining. 

While the larger dikes so far discovered are quite regular, 
and in extent exceed the limit of mining operations, there are 
numerous small dikes, sometimes apparently independent, 
sometimes splits or offshoots from others. In a few instances 
dikes having the appearance of great strength have been known 
to end abruptly, and occasionally large isolated bunches of dike- 
material are found imbedded in the ore-hody. 

The geological theory of dikes is that they originate at some 
point below all sedimentary rocks, and that they have been in- 
iected through weak places and crevices in the overlying 
strata; therefore it must be admitted that these particular dikes 
must at some point cut through the foot-wall. In many in- 
stances this fact has been demonstrated: bat several cases bavo 
come under my notice where, temporarily at least, diU'erout 
strata of the iron-formation have successively resisted the lateral 
exteusiou of a dike, causing it to deflect, or fold upon itself, or 
to terminate abruptly. It is possible that an abrupt termina- 
tion may he a faulting, and the continuation may he disscoN'crcd 
in future mining operations. 

It may be appropriate at this time to give a short (lcscri])tiou 
of the characteristics and peculiarities of the principal dikes 
which have been exposed in the prosecution of mining o])cra- 
tions along this range. 

The most westerly dike of which we have any delliiitc data 
has its initial at the surface in the S.E. I of the ri.E. .[ of Si'c. 
10, T. 46 H. of R. 1 E., Wis., about 1200 feet from fhu cast lino 
of the section. Its location is again fixed by a dianiond-drill 
hole at a point 600 feet east of its initial, where if is overlaid 
by a fine body of high-grade ore known as the Shores mine; 
and 900 feet further east it is touched by the Ho. 6 shaft iif“ the 
Iron Belt mine at a depth of about 460 feet from the surliicc'. 
The thickness of this dike is not known, hut its pitch to tlie 
east is quite regular. 

About 2500 feet further east, near the center of Sec. 11, the 
feathered apex of a dike is shown in the workings tributary to 
Ho. 5 shaft of the Iron Belt mine. In the second levtd of this 
shaft, which is 150 feet below the surface, a drift lias folloNvcd 
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tlie dike eastward for 280 feet; and in one portion of this drift 
is seen the peculiar phenomenon of the dike abutting abruptly 
against a hanging-wall of black slate. In the cross-cut from 
the shaft at this level the dike is about 20 feet in thickness, 
but in the eastern end of the drift it has narrowed to 5 feet. 
In the iirst level, which is 57 feet above the second, it is 10 feet 
thick in the cross-cut and in the workings to the west, but di- 
minishes to a sharp apex about 10 feet above the level. It does 
not appear on this level east of the cross-cut. B'rom the gen- 
eral trend of what can be seen of this dike, I should judge that 
its western initial was not more than 800 feet west of No. 5 
shaft. 

From No. 5 shaft the ground rises rapidly to the east, and 
on the N.E. of Sec. 11 are located tire four shafts of the older 
portion of the Iron Belt mine. In this rising ground is the 
commencement of another dike on which rested the ore-body 
penetrated by these shafts. This dike is quite a strong one, 
but towards the east side of the property is somewhat broken 
and faulted, with a corresponding irregularity in the volume of 
ore. Further oast, in the Atlantic mine, the natural conditions 
of both dike and ore obtain, and at 700 feet in depth the former 
is seen at its uniform dip and pitch. The Atlantic shaft has 
been sunk to a point 75 feet below this dike, but no further 
lens of ore has been encountered. 

In tljc 2 miles between the Atlantic mine and the Pence mine 
there has been considerable exploring for iron-ore, but nothing 
of moment has been discovered. At the Pence mine a large 
lens of high-grade ore was found lying upon a dike of extreme 
regularity. The ore of this lens has all been removed from the 
Pence and Father Hennepin lands, and practically from the 
Montreal property, and is notv being wrought by the Montreal 
Mining Co. on the “ Sec. 33 ” property, farther east. This 
dike, is about 40 feet thick, and the trough formed by its inter- 
section with the foot-wall is so regular that the location of it 
on the “ Sec. 83 ” property, from data obtained by personal 
surveys in the- Pence and Father Hennepin mines, nearly three- 
quart(‘rs of a mile distant, was found by development to be eor- 
reel- within 2 feet. 

In tlu'- properties between the Montreal mine and the Ash- 
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land mine at Ironwood, including the Superior, Caiy, Windsor 
and Germania mines, some small dikes have been noticed, but 
nothing of sufficient importance to affect the ore-formation 
materially. 

In the ivorkmgs of the Ashland, Horrie, East Horrie, Au- 
rora, Pabst and Newport mines may be seen the greatest de- 
velopment of the dike-phenomena. The operations on these 
properties are practically continuous for 2J miles, and have 
been carried to greater depths than on any other iiortiou of the 
Gogebic range. The greatest number of dikes encountered 
on any one property have been traced in the Ashland mine, and 
located with reasonable accuracy. The first one to enter the 
western limit of the property is first seen in a shaft of the hlin- 
newawa mine on the west bank of the Montreal river, and is 
cut by the No. 1 shaft of the Ashland mine at a depth of 200 
feet from the surface. This dike is traced in a generally reg- 
ular manner through the workings of the various shafts, to a 
point between the 9th and 10th levels in No. 8 shaft, whence 
it emerges from the property below the workings of the Norrie 
mine. There are three other dikes below this one, the upi)cr 
of which is first seen immediately below the 7th level in No. 
3 shaft, and passing eastward disappears beloAV the lOlh level 
a short distance east of No. 7 shaft. The second one is found 
at the 9th level in No. 8 shaft, and just below the 10th level in 
No. 4 shaft, whence it rises to a horizontal position, and gradu- 
ally, thinning out, disappears before reaching No. 5 shaft. 
Erom such data as could be obtained in the drifts west of No. 
8 shaft a plausible theory may be advanced that these two last- 
mentioned dikes may be offshoots or splits from the one lirst 
above described. The third dike was cut in shafts Nos. 8 
and 4, below the 10th level. 

A large dike near the surface in No. 2 shaft passes through 
Nos. 3 and 4 to just below the 7th level in No. 5 shaft., wlimiee it 
runs horizontally through the mine, and is cut by the No. 2 
shaft of the Norrie mine at the 8th level, just east of wliich it 
dips below present operations. This is the third dike thus far 
encountered in the Norrie mine. 

A dike having its initial just cast of No. 4 shaft of the 
Ashland mine passes eastward through the property, cutting 
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the most easterly, or IsTo. 8 shaft, immediately below the 3d 
level. This forms the second large dike of the Norrie mine, 
and extends from the 4th level of the Ko. 1 shaft to the 10th 
level in No. 6 shaft, whence it passes below present workings. 

The greatest longitudinal development of any dike yet loca- 
ted on the range is found in one having its initial about mid- 
way between shafts Nos. 7 and 8 of the Ashland mine, entering 
the Norrie mine at the 3d level and gently descending eastward 
to the 7th level in No. 6 shaft, and to the 8th level in No. 1 
shaft of the East Norrie, thence generally horizontal to the No. 
1 shaft of the Aurora mine, whence it inclines to below the 
10th level in No. 3 shaft and passes beyond observation. This 
is the first or main dike of the Norrie and East Norrie mines, 
and the second dike of the Aurora. It is the base of the largest 
deposit of iron-ore yet developed on this range. Its total 
length thus far exposed is 6200 feet, and its general character- 
istics are such that it may be expected to continue eastward for 
a much greater distance. 

In the East Norrie mine a crossing dike is found which 
passes at a very high angle from the surface at No. 1 shaft to 
the 10th level and downward at No. 2 shaft, cutting the ore- 
formation transversely. It is from 15 to 20 feet in thickness, 
and so far as can be obseiwed, is cut by the main dike at the 
8th level, thus proving it to be of previous origin. 

One of the dikes first discovered on the range is the one un- 
derlying the original open pit of the Aurora mine, and starts 
from surface just east of the No. 1 shaft. This dike inclines 
to the east quite rapidly, and is found at the 8th level in the 
No. 6 shaft. It continues on the Pabst property, where it 
forms the second dike, which is cut in the most westerly or 

C shaft. Under the center of the Pabst mine this dike rises, 
forming the first synclinal basin that we have noticed. The 
dike above this is first seen on the Pabst property under what 
is known as the north vein. It is parallel with the lower one 
and forms a similar basin. These two dikes continue to rise to 
the east through the Newport mine ; but it is not known whether 
they come to the surface, or take a downward pitch again, to 
the oast of the mine-workings. The lower dike appears to cut 
the foot-wall, but the upper one does not ; and it is presumably 
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faulted from tlie same causes that produced the division of the 
ore-hody forming what is termed the north and south veins. 
In the Newport mine are two vertical dikes crossing the forma- 
tion at lught-angles. One is about 100 feet east of the 
shaft, and is 10 feet thick; the other is 200 feet further east 
and about 20 feet thick. It is not determined whether these 
are cut by the horizontal dikes or not. 

Passing eastward from the Newport mine the development 
of the various properties has not passed the exploratory stage, 
and no dikes worthy of note have been located until reaching 
the east half of the old Puritan mine on Sec. 17, T. 47 N., R. 
46 W, Here a dike is found which forms the base of the ore- 
deposits which have been worked on the Puritan, Irontoii, and 
Federal mines on Sec. 17, and the Jack Pot on See. 1C, at 
which point it descends below the present range of mining 
operations. This is a strong dike and has never been pene- 
trated sufficiently to determine the character of the formation 
beneath. 

The next located dike is the one beginning under the origi- 
nal open pit of the Colby mine. The first mining operations 
on this property consisted of open-pit work on what were then 
known as the north and south veins. These two oi)eiiings 
were about 200 feet apart, and the ore in each was l)ottomed 
on dikes lying perpendicular to the dip of the formation. The 
north vein has proved to be but 500 or 600 feet in lengtli, and 
in going down is merged into the south vein. At this point 
the south vein dike dropped very suddenly and united with the 
other, forming the main dike on which lies the ore-body of the. 
Tilden mine. The workings of this mine have followed tliis 
dike for nearly half-a-mile to the east, where it drops below tlu^ 
present bottom levels. The No. 7 shaft of the Tilden ])enet.ra- 
ted this dike at a depth of 625 feet from surface, finding ore 
underneath. At this point the dike was but 12 feet in Ihiek- 
ness, and at 120 feet below this the shaft is bottomed in an- 
other. Prom the conditions observable here it seems most 
probable that the 12-foot dike is but an offshoot from the lower 
one. 

In the Palms mine, immediately east of the Tilden, are found 
one or two small dikes which do not appear to greatly affect 
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tlie formation ; but in the Anvil mine adjoining the Palms a 
large dike comes in, rising towards the east ; and at a depth of 
about 300 feet from the surface, continues eastward in an un- 
dulating but generally horizontal plane for nearly- three-quarters 
of a mile, where, in the eastern end of the Eureka mire it sud- 
denly pitches down again. hTo ore was found under this dike 
in the Anvil mine ; but in the Eureka a good body was found 
after passing through 150 feet of cap rock. 

The hitherto great regularity of the iron formation is broken 
at the valley of the Black river near the Eureka mine, and it 
is widely sj)read out to the eastward. A large amount of ex- 
ploring has been done on the general trend of the mining 
range, but ore in merchantable quantity has been found only 
at the Mikado mine on Sec. 18 ; to the north and east of Sun- 
day Lake, on Secs. 9 and 10 in T. 47 N., P. 45 W. ; and at the 
Comet mine on Sec. 11 of the same township. The shaft at 
the Mikado mine is sunk for a long distance in a dike, but suf- 
ficient work has not been done to determine its dip or pitch. 

A large dike is found to the west of the shaft in the work- 
ings of the Sparta mine, north of Sunday Lake. It is nearly 
at right-angles with the trend of the formation, and almost ver- 
tical, having only a slight dip to the east. This dike is 62 feet 
in thickness, and has a deposit of ore on the east side, ferru- 
ginous quartzite appearing on the west. 

The Brotherton and Sunday Lake mines, just east of the 
Sparta, have been wrought to a depth of 500 feet, but have as 
yet encountered no dikes. A small one was seen in the bot- 
tom of one of the Comet shafts, but aside from this, so far as I 
am aware, none were ever discovered in the extensive explora- 
tions between Sunday Lake and Lake Gogebic. 
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The Genesis of Certain Auriferous Lodes. 

BT JOHN E. DON, OTAGO, NEW ZEALAND. 

(Chicago Meeting, Febniary, 1897.) 

iNTRODTICTIOlir BY THE SECRETARY. 

This paper, tmder tlie title of ‘‘The Genesis of Auriferous Lodes from a 
Chemical Point of View, Illustrated by Analyses of Samples Taken from the Chief 
Auriferous Area of New Zealand, Victoria and Queensland, by Joim R Don, 
D Sc., M.A., Lecturer on Geology in the University of Otago, N. Z,,’^ was sub- 
mitted by the author with the frank confession that its length, covering several 
hundred printed pages of the Trcimacimis of the Institute, would preclude its ac- 
ceptance for publication in full. But the great value of the original work which it 
records rendered its rejection on that ground highly undesirable ; and, after cor- 
respondence with Dr. Don, it was agreed that the Secretary should condense 
the paper, subject to the author’s approval, omitting what was not essentially 
connected with the original work reported. In the discharge of tliis laborious 
and difficult duty, the Secretary’s chief trouble lias been his regret to cut out the 
acute criticisms and admirable theoretical and historical summaries of Dr. Don 
on the general subject of the science of ore-deposits. It sliould be added, that 
the original paper has been returned to the author, with full permission to pulilish 
it through any other medium (due mention being made of the iirst pul)lication by 
the Institute of portions thereof), and a cordial expression of the hope that the 
treatise, as a whole, may be thus published, to the advantage of science. The 
Secretary begs to add, that many of the portions necessarily omitted from this 
condensed version would constitute, in his judgment, interesting and valuable 
separate contributions. 

In attempting to condense this paper, it was necessary at the out.sct to cut out 
the iirst three chapters, of which the following brief outline is therefore given. 

Chapter I., introductory in character, indicates the importance of (‘hemicul 
analysis in the investigation of the genesis of ore-deposits, einphasi/.ing the 
value of Prof. Posepny’s Institute paper, and especially of the discussion wlu(‘h 
it aroused, and stating in general terms the theories of “lateral .secretion” and 
“ ascension.” 

Chapter IL describes the scope of the investigation undertaken by the author, 
the chief purpose of which was to determine ivhich of the above-named theones 
was favored by the evidence obtained. This evidence consists (diieily (though 
not -wholly) of analyses of the conniry-rock taken at various distances from the 
auriferous “reefs,” (a) on deep mine-levels; (6) in the surface or “vadose” 
region ; and also (c) of underlying, neighboring or connected cryHlallinca (granite, 
gneiss, etc.). In addition to these investigations, there is a separate iiujuiry int<^ 
the question of the deposition of gold in marine basins, suggested by tlie fact that 
most of the gold in the lodes of Australasia occurs in stratilied deposits* 

Chapter III. discusses the principles and methods followed by the author in the 
examination of country-rock for the purpose described. After giving his rcasonH 
for believing that careful tests of carefully-chosen samples of country-rock taken 
at varying distances from the ore-deposit might throw light upon the question 



THE GENESIS OF CERTAIN AURIFEROUS LODES. 


565 


wlietlier the gold in the deposit was derived from the adjacent country-rockj he 
says he sought a method by which one-fourth, or at most one-half grain of gold 
per ton of 2*240 pounds, might be estima ed, and describes his trials of several 
methods, namely : 

1. That described by "W. Skey,^ involving the use of a dilute solution of iodine 
or bromine, which the author found unsuitable for his purpose. 

2 Chlorination, which was likewise discarded, for reasons given. 

3 The fire-assay, which, with certain described precautions for the purification 
of the litharge employed, was finally adopted. 

4. The use of alkaline cyanide as a solvent, with subsequent precipitation, was 
not tried. 

In the majority of cases the samples taken weighed 7 or 8 pounds ; the samples 
tested 4 48 pounds ; and the assays were made from concentrates of the latter, but 
sometimes 4:^18 pounds was the actual sample for assay; in which case the total 
quantity was pulverized to pass a No. 60 sieve, and divided into twelve ])arts of 
about 2500 grains each, and to each part 3000 grains of purified litharge, 2000 
grains of carbonate of soda, and 1000 to 1500 grains of borax were added for the 
assay, with sufficient argol to reduce about 400 grains of lead. Further precau- 
tions as to cupelling and parting are also given. 

Very minute gold-prills, instead of being weighed, were measured by means of 
the microscope ; and the author found that the method suggested by Mr. G. A. 
Goyder, of Adelaide, S. Aust., and published by him in the Chemical Neics, vol. 
70, 1891, pages 194 and 202, had many advantages. According to this method 
the prill to be measured is enclosed in a head of boracic acid. 

The authoi says he soon found that samples of country-rock containing no sul- 
phides were not likely to contain gold, and that it was consequently more conve- 
nient (and quite sufficient, if control- assays of residues were made when desirable) 
to concentrate the crushed samples of 4.48 pounds, and assay the heavier portions 
only. After testing several mechanical methods (of which Thoulet’s was the 
most satisfactory), he found that the best of all was careful panning by an expe- 
rienced operator. In the case of each mine, at least two samples of the residues 
from panning, the concentrates of which had sliown no sulphides, were assayed. 
The results confirmed the general experience that, in the deeper (unoxidized) 
zone, the gold always accompanied sulphides. 

The percentage of sulphides in concentrates was determined, after the removal 
with a magnet of all magnetic particles (magnetite, iron from mortars, etc.), by 
sampling the residue, and separating sample (generally f5 grammes) by means of 
Sonstadt’s solution of mercuric iodide dissolved in potassic iodide, or of a solution 
of boro-tungstate of cadmium, which was used with a specific gravity of 3.16 to 3. 18. 
This gave two classes, one of which had more than 3.18 sp. gr., and waa reckoned 
as sulphides, the percentage of which in the whole c mcentrate was easily calcu- 
lated. Tlie percentage of sulphur contained as insoluble sulphides in the rock 
was also determined separately ; and the result of these analyses is shown in the 
various tables and diagrams under the heading Percentage of Sulphur.” In 
one case (New Cliuiu Railway Mine, see Table 1., cn page 622), systematic tests 
of rock for carbon were made. In other localities, this was not done, as there 
seemed to be no general relation between the percentage of carbon in tlie country- 
rock and the distance from the reef. 

The succeeding chiipters have been condensed from the author's manuscript. 
It should be added here, that in the oidginal paper, as presented, the tables were 

* ‘‘Oil the Application of Iodine and Bromine for the Detection of Gold when 
in Minute (^iiumtiiies/’ Trans. N. Z Inst., ii., 166. 
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illustrated by numerous sections of mine-workings, showing the precise localities 
from which the samples, a, &, c, etc., had been taken. 

Since the presentation of this paper, Dr. Don’s address has been changed to the 
Waitaki High School, Oamaru, N. Z. 

Chapter IV. — Analyses oe Deep CouNTRY-IiocK.* 

The districts to which these investigations refer are : (1) iu 
Victoria, those of Bendigo (Lower Silurian), Ballarat and Steig- 
litz (Lower Silurian), and Walhalla, Gippsland (Upj>er Silu- 
rian); (2) in Queensland, Gympie and Charters Towers; (3) 
in New Zealand, Macetowni, Otago, South Island of New Zea- 
land; Reefton, Nelson, South Island of New Zealand, and 
Thames, North Island of New Zealand. 

Bendigo, Victoria. 

The most important auriferous areas of Victoria occur iu long 
and comparatively narrow belts, striking, practically with the 
enclosing Lower and Tipper Silurian rocks, northerly and south- 
erly. Bendigo occupies one of these belts. 

Bor detailed descriptions of this district, reforeneo is made 
to the monograph of E. J. Dunn, published by the Victorian 
Mines Department at Melbourne, 1898, and to the papers of 
Mr. Rickard in Vols. XX. and XXII. of these Tranmethns. 

The New Chum Eailway Mine . — The first of the mines se- 
lected for this inquiry was the New Chum Railway Comiiany’s 
mine, one of the deepest on the New Chum reef, which is one 
of the three most productive anticlinal axes in Bendigo. f On 
the 2498-foot level of this mine, a cross-cut extends 2(15 feet 
east from the main shaft, and at the end of it a winze was 
sunk to a further depth of 860 feet; and on driving about 12 
feet east at the bottom of this winze, the w'est leg of a saddle- 
reef was struck. At the time of my visit, January, 185)5, this 
showed about 4 feet of laminated quartz, yielding 1.5 ouma's 
of gold per ton, and was the deepest pay-ore exposed in Austra- 
lia up to that time. (A later discovery has hoeu roportcal from 
Lansell’s “ 180 ” mine on the same anticlinal, at a d(“pth of more 
than 3000 feet.) Samples were taken along the ahovi'-men- 
tioned cross-cut from the shaft to the winze (see a to q. Table 

* Tills chapter contained many descriptions and maps of districts and miiicH, 
which have been omitted. 

t See Mr. Rickard’s two papers, already cited. 
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L). At 190 feet from tlie shaft, a slide or slight fault was 
crossed, from the sides of which three samples, two of slate 
(?, m) and one of sandstone (k) were taken. At the bottom of 
the winze, 2858 feet from the surface, three samples of slate 
u) and one of sandstone (r) were taken close to the reef, to 
show the difference, if any, between the country-rock in close 
proximity to a reef and that further away. ' Table I. gives the 
results of the examination of the samples to determine their 
gold-contents per ton, and their percentage of sulphur and of 
carbon, and Diagram 1 shows them graphically. 

The South St Mungo Mine . — The second Bendigo mine se- 
lected for investigation was that of the South St. Mungo Co., 
situated on the ITew Chum line of reef, but presenting a modi- 
fication of the saddle-reef type, in which the lode fills a more 
or less continuous fissure in center-country,” Le.^ along an an- 
ticline such as is usually occupied by the saddle-reefs. The 
possible effect of this variation in lode-form and structure upon 
the distribution of gold in the reef and rock respectively, was 
the reason of choosing this mine for study. In this case the 
lode follows a nearly IJ". — S. anticline, and dips slightly E. It 
has been worked to 1180 in feet depth, and carries an enormous 
quartz body, 20 to 60 feet wide, with a remai’kably small per- 
centage of sulphides (chiefly pyrite and blende, with traces of 
galena). At the 11 80-foot level I saw in January, 1895, this im- 
mense mass of white, splintery quartz. On the 610-foot level 
a body of quartz 60 feet wide was worked throughout the whole 
length of the claim, and this level alone is said to have paid 
over £60,000 in dividends. The cross-cut at the 1180-foot level, 
which struck the reef 128 feet E. of the shaft, was sampled (see 
Table II. and Diagram 2). By reason of the steep dip of this 
lode, the cross-cuts from the shaft to it are comparatively short. 
But a prospecting cross-cut driven E. 302 feet at the 610-foot 
level gave an opportunity for getting samples further from the 
lode (sec Table ITL). 

Tables I., IT, and III. show a striking connection between 
the percentage of sulphur (as sulphides) and the contents of 
gold in any sample, especially from the slates ; the sandstones, 
particularly at a distance from the reef, sometimes containing 
large crystals of non-auriferous pyrite. The sandstones gener- 
ally carry much less sulphide than the slates, and the sulphides 
VOL. XXVII. — 38 
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in sandstone are rarely, wMle those in the slates are usually, 
auriferous. (See analyses e. A, i and r in Table I. and the whole 
series in Table III.) 

A marked inverse relation between auriferous contents and 
distance from the lode is observed. The zones of country-rock 
containing appreciable quantities of gold are confined to 50 or 
60 feet on each side of the lode. 

Samples from the vicinity of a slight fault, even at some dis- 
tance from a main reef, contain much more gold and sulphides 
than the adjoining rocks, away from the fault. 

Another remarkable fact which seems unaccountable is that 
the samples of slate from the Hew Chum Railway Co.’s mine 
(Table I.) show a striking increase in carbon as the reef is ap- 
proached. Mr. L. A. Samuels, an experienced mine-manager 
in Bendigo, has assured me that this is a common phenomenon 
on the line of another reef in that district. 

Binally, it is observable that the mine-samples (of 4.48 
pounds) in which sulphides did not occur eontaiued no gold 
or silver. 

Ballarat, Victoria. 

This district comprises two narrow belts running almost duo 
H. and S., one passing through Ballarat West, and worked 
pretty continuously for about 5 miles; the other passing 
through Ballarat East, and worked for about 8 miles. The 
two belts differ in vein-formation and in vein-materials. 

In the western belt the Upper Silurian shales and sand- 
stones, constituting the country-rock, have been nimdi folded, 
are now almost invariably steeply tilted, and are traversed by 
true fissures, striking almost always H. and iS., lilhal with 
quartz, and receiving numerous “leaders” and “droppers” 
from the country on both sides, the whole sometimes forming 
a “ stockwork ” many feet wide. 

In the eastern belt the strata have been bent, as at. Bendigo, 
into sharp synclines and anticlines. But in this (ais(', where 
fracture has occurred along the anticlines, the result 1ms been, 
not “ saddle-reefs,” as at Bendigo, but more or less eontiuuous 
fissures filled with quartz. The most interesting and ehurueter- 
istic feature of the deposits of Ballarat East, however, is not the 
occurrence of these continuous lodes, but that of the so-called 
“ indicators.” These are certain members of a series of thin- 
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bedded sandstones and slates, which have been traced along the 
whole length of the belt, so far as the latter has been explored. 
The indicators, which have exerted an important influence on 
the gold-bearing character of the quartz-lodes traversing them, 
are thin beds of dark carbonaceous shale, abounding in pyrite 
and arsenopyrite, the sulphides in some places completely re- 
placing the shale of the bed. The indicators are conformable 
with the bounding slates and sandstones, which stand almost 
vertical, and they share with the whole series in the effect of 
numerous dip-faults, or minor dislocations on the dip, locally 
termed cross-courses. Several of them run parallel within a 
band some 300 feet wide, and one, known as The Indicator,’^ 
has been traced IST. and S. nearly 8 miles. (See Fig. 1, copied 
from a drawing by Mr. T. A. Eickard.) 

The quartz-bodies in this indicator-belt are not regular reefs, 
but veins of varying thickness crossing the indicator at all 
angles; those which present a nearly horizontal crossing, with 
a strike parallel to the indicator and a slight dip E., having 
proved most productive. Away from the indicator, the greater 
part of the vein-quartz is absolutely barren; but at the inter- 
section with the indicator large masses of gold (often more than 
100 ounces in one piece) have been obtained, and the greater 
part of the gold extracted from this belt has come from those 
parts of the quartz-veins near some one of the indicators. 

Mr. E. Lidgey, of the Victoria Geological Survey, in his 
Special Report on the Ballarat East Gold-Field^ gives a list of 15 
gold-masses or nuggets found as above described, and varying 
in weight from 30 to 137 ounces, and in depth from the surface 
(measured on the indicator) from 160 to 805 feet, the average 
being 470 feet. In the same report he raises several questions 
as to the source and distribution of the gold in the indicators, 
and says that the solution of these problems will require a 
series of investigations of the country-rock, like those performed 
by Sandberger in Germany. 

The Prbice Regent Mine , — ^Before seeing Mr. Lidgey’s report 
I had taken a set of samples for the purpose suggested, select- 
ing the Prince Regent mine, one of the most productive on the 
indicator belt, as likely to be most instructive from a genetic 
standpoint, because it had shown, as the depth of the mine in- 
creased, a marked change in the auriferous contents of the 
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veins crossing the indicators. This mine is about 870 feet 
deep. Down to the 630-foot level, pay-quartz, sometimes with 


Fia. 1. 



VERTICAL SECTION OF THE INDICATOR, Ballarat- East. 

Showing quartz veins. 

(Aftei'T. A. Kickard.) 

rich patches, was worked on the main indicator and on i)aralh‘l 
ones ; but for the last 240 feet the former has been barren and 
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the latter have been much less productive than before. Sam- 
ples were therefore taken on the 630-foot level, where the indi- 
cator had carried pay-quartz, and from the 770-foot level, 
where it had proved almost barren. 

The ground near the indicators has been much faulted; and 
this faulting was found to have an interesting connection with 
the genesis of the auriferous deposits. The questions raised by 
Mr. Lidgey comprised, besides the general inquiries, — Was the 
gold on the indicators leached from the surrounding country- 
rock? Was it brought from below by ascending, or from 
above by descending, solutions ? — ^the more specific ones. Why 
is the gold on these indicators concentrated in patches, and 
what effect have what are known to the miners as heads,'’ 
“ headings ” and breasts ” ? Mr. Lidgey does not explain 
these terms ; but they are probably related to the phenomenon 
observed by me in the Prince Regent mine, and reported to me 
as occurring in other mines in the belt, namely, that the chief 
quartz-veins crossing the indicator end always against a vein 
of pug/’ or soft clay, filling a fault, along which more or less 
vertical movement has taken place. These slides, cutting off 
the quai’tz-veins, have, in my opinion, an important bearing on 
the questions under consideration. 

Samples were taken in the Prince Regent mine : (1) of solid 
slate and sandstone, both close to, and as far as possible from, 
the indicator-beds known as The Indicator ’’ and The Mun- 
dic Slate”; (2) of ^‘^pug,” clay or broken quartz from the 
backs or breasts against which the veins crossing the indicator 
end; (3) of the quartz of the indicator-lodes, both containing 
and not containing sulphides ; (4) of the indicator itself. The 
results of the analyses of these samples is shown in Tables IV. A 
and IV. B. 

As these tables show, the solid country-rock, containing no 
sulphides, taken at whatever distance from the lode, is not 
auriferous ; and this was equally true whether the veins on the 
indicator were productive or barren on the tract from which 
the sample of country-rock was taken. Moreover, sulphides 
are found in the country-rock only in close proximity to 
fault-planes or backs.” Finally, the ^^pug” filling these 
backs ” or slight fault-fissures is often highly auriferous, es- 
pecially when it contains sulphides or an unusual percentage 
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of organic matter ; and it was found to be as highly auriferous 
at levels where the indicator was barren, as where the indicator 
carried pay- quartz. 

These results point to the following conclusions : 

1. The gold on the indicator has not been leached out of the 
surrounding rock, but has most probably entered the lodes 
crossing the indicator, from below. 

2. The channels that carried the upward currents from 
which the gold was deposited were probably the fault-planes or 

backs/’ which cut off the indicator-veins. 

3. The ascending solutions probably brought with them the 
gold from below, and gold was deposited along the indicators 
where the composition of the latter favored precipitation. 

I believe therefore that the difference between barren ground 
and highly auriferous ground on an ^^indicator-line” is con- 
nected with some difference in the character of the indicator 
itself, at the two levels compared; and, in my opinion, the key 
to the distribution of. gold in this most interesting ore-deposit 
should be sought in a careful examination of the various indi- 
cators which are found to be associated with auriferous and 
non-auriferous veins of quartz. 

The Northern Star Co.^s Mine . — This mine is in Jhillarat 
West, and an unusually good typical cross-seedion of the strata 
of that belt is afforded by a prospecting cross-cut, driven wcvst 
at the depth of 1250 feet, and 1264 feet long in 1804 (situ‘e e.x- 
tended to about 1700 feet). At 100 feet from the shaft fh(‘. 
Guiding Star lode was cut, and a level was driven along it for 
about 350 feet. The cross-cut traversed alternate beds of sainl- 
stone and slate, including several small reefs of l)arreu (juarfz 
(see /q q, y, Table V.). At 1060 feet from the sliait, an eruptive 
dike 36 feet wide, and interbedded witli the slates and sand- 
stones, was driven through. It was felsite porphyry, unudi (k‘- 
composed, and impregnated, especially near its c*onta(d; with 
the country on each side, with much pyrite — the cubes of* 
which were occasionally 18 mm. in diameter. This ocHnirnnuu^ 
is specially interesting, since eruptive dikes arc mu(*h rnrm* 
in the Lower Silurian than in the Up])er Silurian auriliU^onH 
area of Victoria, Samples were taken from this dike, utitl also 
at various distances along the cross-cut Table V. eotitains l.he 
results of analyses, which are graphically shown in Diagram iL 



THE HEKEbIS OE OERTAIJ^^ AURIFEROUS LODES, 


573 


The reiBarks previously made oii Tables L, IL and III. 
(Bendigo field) apply equally well here ; but the analyses of 
the eruptive dike are specially interesting. The auriferous 
character of the pyrite in it (see Dike 1 and 2/’ Table V.) 
indicates that an auriferous lode may be associated with the 
dike not far from its intersection by the cross-cut 

Steiglitz^ Victoria. 

This auriferous area, about 35 miles S.E. of Ballarat 
yielded, in the early days of quartz-reef mining, fabulously 
rich returns from its surface-quartz, and has again come into 
prominence within the last few years. It occupies an inlier 
of Lower Silurian slates and sandstones, surrounded on all 
sides by newer volcanic rocks. The country-rock shows signs 
of very extensive folding and faulting. 

The United Albion Mim . — This is one of the deepest in the 
district, and has yielded the richest returns. Samples were 
taken from a cross-cut in the 850-foot level, which extends from 
the shaft through slates, with occasional interbcdded sandstones, 
for 308 feet. The strata dip steeply towards the shaft until at 
220 feet an anticlinal is reached (see /q Table VI.). At 68 feet 
from the shaft, the footwall of the Albion reef is cut (see rf, 6, 
Table VL). The results of analyses are given in Table VI. and 
plotted in Diagram 4. 

The Tam O'Shanter Mine . — This mine, though not very deep, 
is interesting by reason of an extensive fault in the strata. 
Samples were taken from two cross-cuts, one 260 feet below the 
surface, and running west from the shaft 185 feet; the other 
an east cross-cut, about 100 feet long, at a depth of 430 feet. 
The up])er cross-cut starts in slates, dipping steeply west, but 
passes at 31 feet from the shaft a synclinal axis (see z, Table 
VI. A), beyond which the slates dip steeply E., until, at 83 feet, 
a fault-fissure, carrying broken slate and quartz (see Table 
VL, A), is encountered, dipping W. ; and beyond this the 
strata (now alternating slate and sandstone) dip steeply W. 
again. Tlie lower or east cross-cut starts in sandstones, with 
oceasional thin beds of slate, all dipping steeply west. At 61 
feet, in sandstone, it cuts the gold-bearing vein, dippiiig steeply 
B. The dip of the strata docs not change beyond this vein, 
and the cross-cut ends in slate. The results of analyses are 
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shown in Table VT. A. The remarks upon the previous tallies, 
relative to the eountry-rock of Bendigo and Ballarat, apply 
to Tables VI. and VI. A also. 

Walhalla, Victoria. 

One of the long narrow belts which constitute the auriferous 
areas of Victoria extends from Jamison on the north to Wal- 
halla on the south, and is notable not only for the richness of 
some of its reefs, but also as presenting Upper Silurian instead 
of the Lower Silurian strata, and, above all, because of the pecu- 
liar relation between its pay-reefs and dikes of igneous rock — 
no productive reefs having been found in this belt or in any 
Upper Silurian area that were not associated with dikes; 
whereas in the Lower Silurian (Bendigo, Ballarat and Steiglitz) 
dikes are less common, and when they occur arc usually found 
to be of more recent date than the reefs. (See K. A. F. Mur- 
ray’s “ Geology and Physical Geography of Victoria,” Mel- 
bourne, 1887.) The gold-veins in the Upper Silurian area are 
sometimes found crossing, more or less horizontally, dikes of 
great width, and dying out in the slates and sandstones on each 
side of the dikes. Another type of occurrence is illustrated by 
the eruptive dike of Cohen’s reef, Walhalla, whore the reef 
accompanies the dike, lying on one or both sides of the dikc‘- 
material, between it and the enclosing country, or occasionally 
bounded on both sides by the dike. This mine was sampled, 
as will be observed further on. 

Some writers have derived the auriferous contents of these 
lodes from the dikes.* But heretofore, so far as 1 know, no 
observer has actually analyzed samples of the dike to asctulain 
whether it is auriferous. Two other hypotheses are conceiva- 
ble. On the lateral-secretion theory, the gold and silver of t he 
quartz (and of the dike, if it carried any) miglit be deriv(‘d from 
the country-rock on both sides; and, on the asocnsioii-theory, 
the gold and silver might be derived from a deeiter source. 

The analyses undertaken in order to throw some light on 
this subject were: (1) of dike-rock containing no sulphides, 
and not associated with an auriferous quartz-reef; (2) ol' dike- 

* See a paper ‘‘On the Formation of Mineral Veins and the Dejyomts o! Metal- 
lic Ores and Minerals in Tliem/^ by H. A. Thompsoa, Tram. Jirnj, Hoc, of 
toria, viii., pp. 228-249. 
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rock associated with such reefs ; (3) of country-rock from the 
deep levels at various distances from the lode. 

The Long Tunnel Mine on Cohen’s Reef . — This mine is entered 
hy a tunnel (see Pig. 2), at the end of which a shaft descends 
vertically 900 feet. From the bottom of this shaft a level 
(called the Northwest level in Table VII. A) extends 1800 feet, 
and from the end of this a second or main working-shaft de- 
scends about 800 feet. The working-levels from this shaft are 
1022 feet, 1122 feet, etc., below the tunnel-level, and about 700 
feet more than that below the surface of the hill. The North- 
west level cuts through a barren dike and some quartz-veins. 
The dike associated with the main reef is exposed by a cross- 
cut from this level, and in the deeper wmrkings below this 
level. Tables YII. A and VII. B give the analyses of samples 
from the two kinds of dike-material. 

On the 900-foot level, a cross-cut 278 feet long hate been 
driven "W". to the dike. Samples of country-roek taken in this 
cross-cut are tabulated in Table Vni. ; and Table IX. shows 
the results of samples from a cross-cut in the 1422-foot level, 
driven 165 feet east from the dike to the boundary of the 
claim. 

Tables YII. A and YII. B show that, where no quartz is 
associated with the dike, the rock contains little or no sul- 
phides, and is not auriferous ; that where the dike is associated 
with quartz, but the quartz is not auriferous, the dike-rock is 
likewise barren; Brat the percentage of sulphides in the dike 
is greatly increased when it is associated with highly pyritifer- 
ous quartz, and that in this case the dike-sulphides are aurifer- 
ous, though much loss so than those of the associated reef. 

As all the samples were taken from one dike of each class, 
it would not bo safe to generalize too positively ; but the results 
indicate that, in the Upper Silurian area, the dike-rocks them- 
selves are not auriferous, but that their silver and gold are 
derived from tlie accompanying quartz-reefs, and that the 
agencies which filled with quartz the fissures in the dikes, im- 
pregnated the latter with auriferous sulphides — ^those being, 
however, less highly auriferous than the pyrite of the reefs. 

Microscopic examination of samples of both barren and aurif- 
erous dike-rock from this mine showed that every sample was 
more or less decomposed and altered. The principal difterence 
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clearly exhibited is the much greater abundance of pyrite and 
arsenopyrite in samples associated with an auriferous lode. 

Concerning Table VIII., it will be noted that the samples are 
remarkable for the almost total absence of sulphides. Gold 
was found in only one sample from this cross-cut, and this 
sample was taken 97 feet from the dike. In this connection it 
is perhaps significant that when the dike was cut on this level, 
it was not associated with auriferous quartz. 

The analyses given in Table IX. from the 1422-foot level 
correspond generally with those obtained from the deep levels 
of Bendigo ; the proportion of sulphides and of gold increasing 
greatly as the lode is approached. The microscopical examina- 
tion of thirty thin sections of country-rocks brought out very 
clearly the increasing development of quartz and pyrite as a 
lode was approached, but revealed, in most eases, nothing else 
of definite importance. 

The Gymjpie Fields Queensland. 

Apart from Mt. Morgan (which, being a single mine only, 
can scarcely be classed as a gold-field) the two most important 
gold-fields of Queensland are Gympie and Charters Towers. 
The Gympie rocks have been determined by Mr. J. Etheridge 
and others as Permo-Oarbonifex’ous. This field, which is only 
about two miles long and three-quarters of a mile wide, is re- 
markable for the evidence it affords of volcanic disturbance, 
contemporaneous with the formation of the sedimentary rocks. 
This disturbance has also probably produced the extensive 
laults intersecting the country-rock in various directions, and 
bounding the auriferous area on the north, south and west. 

Mr. W. TI. Bands, in his “Report on the Gympie Gold- 
Field (Brisbane, 1889), says that the district presents a scries 
of alternations of sedimentary strata with some intrusive 
igneous, and also some volcanic rocks. Taking the average 
dip at 22°, the aggregate thickness of the strata must be some- 
what over 2000 feet, consisting chiefly of graywackes, altered 
sandstones, gray and black carbonaceous shales, grits, con- 
glomerates, breccias and limestone. Interbedded with these 
are amygdaloid volcanic rocks and volcanic ash, and sheets of 
a much altered intrusive “ greenstone.^^ Most of the sedi- 
mentary rocks are more or less pyritous, some of the shales, espe- 
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cially, being full of small cubic crystals of pyrite. Most of tliom, 
especially the sandstones, graywaekes and conglomerates, and 
some of the shales, are also calcareous. The faces of joints are 
almost invariably coated with calcite. The strata dip with great 
regularity on the average from 20° to 22°; the direction of 
dip being, as a rule, in the northern part of the field, a little 
K of E.'; in the southern part, E.8.E. There are altogether 
four beds of dark carbonaceous shale in the formation, locally 
known as the First, Second, Third and Fourth beds of slate; 
and it has been observed that the reefs are notably profitable 
only where they traverse these shales. I found in the latter, 
as a mean of four determinations, 1.07 per cent, of carbon ; 
but I did not find the percentage of carbon increasing as 
a lode was approached — as was the case in the 'New Chum 
Railway mine of Bendigo, described above. They generally 
carry in very small cubes a considerable quantity of pyidte — the 
specimens of other sedimentary rocks of the district examined 
by me being much less pyritous. The intrusive ^‘green- 
stone ’’ interstratified with the shales, appears to have afiected 
favoi’ably the gold-bearing character of the rocks near it. Mi\ 
Rands, while pointing out this favorable eflect on the shales, 
says, however, that the reefs actually in contact with the 
‘‘ greenstone have become impoverished. 

The reefs, as shown in a section accompanying the report, of 
Messrs. R. L. Jack and R. Etheridge on the “ Geology and 
Palaeontology of Queensland and IsTew Guinea’’ (Brisbane, 
1892), are fissure-lodes, cutting the series of strata nearly Viuli- 
cally. The section referred to is I’cproduced in Fig. 3, in which 
the difterent strata are lettered as follows : 

a, Coarse, pebbly conglomerate, with beds of sandstone ; h, Laminated sand- 
stone; c, Shales (fossiliferous) ; d, Coarse, pebbly conglomerate; Sliales and 
thin-bedded sandstone (fossiliferous) ; /, Shales (foHsiliferous and hard gray nantl- 
stone) ; Coarse, pebbly conglomerate ; /<, Phamix or Upper shales, comprising 
Cj (/, e,f, and g; Shales; j?, Angular grit (probably volcanic ash) ; k, CnHmisIi, 
highly fossiliferous sandstone; /, Conglomerate; m, (irreen crystalline rocks; 
71 , Siiales (‘‘First bed of slate ) ; o, Fine grainedi hard gray sandstone ; p, Al- 
tered coai’se, pebbly conglomerate; Altered gray wacko (semi crystalliiu‘) ; 
r, Shales (“Second bed of slates ; s. Coarse, pebbly conglomerate; /, Porphyry 
(probably diabase-porphvry) ; u, Hard, crystalline greenstone ; (Jrecn an<l purple 
chloritic rock, in parts amygdaloidal ; cavities tilled with carbonate of lime (vol- 
canic, probably an amygdaloidal diabase). 

The questions suggested by the foregoing conditions are : 





nr:ki ri.to 


0 . 

m 




\-y y ii , 










Ml 

P 

^// 

r// 

tm 


wi 

(// /! 

/ ill 1 

1 ff ‘ill / / ^ 

\ Hh’ 

% 

/.// 

Ijjt fi 



H i,a r <'^ ' I 


m is ll'- 




■ S g *« 

0 g ^ 

^§•11 
r . -u 

- "■ g | 

«L ns e 

2 ^ a 

>■ si -i ” 

® 1 »1 
» s 

« cj e ^a> 
0 -d S ^ 

fi d CD 'S 

2 g § 


5 ^ ® 

u •« W 

» 5 o 

. -3 



680 


THE GENESIS OF CERTAIN AXJRIFEROFS LODES. 


1. The shales being evidently the favorable conntry-rock, was 
the gold leached out from them, carried into the lode-fissures 
and there precipitated ? In this connection, it will be interest- 
ing to note whether the pyrite in the shales carries gold both 
near and away from the lode, and whether the non-pyritoiis 
shales are gold-bearing. Moreover, in view of the favorable 
influence of the greenstone/^ is the source of the gold to be 
found in the silicates, pyrite or other minerals of the green- 
stone ’’ ? 

2. If the country-rock is found to be auriferous, is the gold 
in it, or in the pyrite or other mineral which it contains, de- 
rived from the lode, which has in tiiim received it from a source 
deeper than any of the rocks exposed ? 

Samples collected from the Horth Phoenix mine, by Mi*. 
Alfred Lord, of Gympie, were analyzed with the results sliown 
in Table X. and Diagram 5. While this number was not as 
great as I could have wished, the samples taken were lliirly 
typical of the various classes of rock, and the table indicates 
the following noteworthy features : 

1. The favorable country-rock (dark carbonaceous sluile) is 
auriferous only where it carries pyrite, and especially in the 
vicinity of the lode. 

2. The percentage of pyrite is much greater near the lode 
than at a long distance from it. 

3. The pyrite near the lode is much richer in gold than that 
at a distance, 

4. Even unkindly’’ country-rocks, such as purple con- 
glomerate and greenstone, when near the lode, and when car- 
rying pyrite, are auriferous. 

5. Both the kindly shale and the unkindly conntry-r<K*k, 

when taken from the vicinity of the great fault, 

carry pyrite, which is auriferous. 

6. Xo gold was found in any sample not containing sul- 
phides. 

These results seem to indicate that the gold found in the 
country-rock is derived from the lode, and that the origin of 
the gold in the lode is to be looked for neither in the kindly 
country-rock nor in the greenstone underlying it, but in some 
source lying deeper than any rocks now exposed in the work- 
ings. 
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Charters Towers^ Queensland. 

This district j which stands first among the Australian pro- 
ducing areas, aftbrds an interesting example of rich auriferous 
quartz-reefs in massive crystalline country-rock. Mr. Rands, 
in the report already cited, says that the richest part of the 
gold-field lies on the western edge of a large granitic area; the 
granite varying from a type in which orthoclase, mica and 
quartz are the essential minerals, with hornblende as an occa- 
sional accessory, to a type in which, besides orthoclase and 
quartz, hornblende is essential and mica occasional. The sam- 
ples furnished to the writer by Dr. Redmond, of Charters 
Towers, were, however, all quartz-diorites, with mica in very 
small proportions, and have been determined by Prof. Ulrich, 
of the Otago School of Mines, as varieties of tonalite. In the 
Brilliant and St. George Co.’s mine, from which the samples 
were taken, this quartz-diorite formed both foot- and hanging- 
wall of a quartz-reef which yielded on assay an average of 2 
oz. C dwt. 9 gr. of gold, and 13 dwt. 4 gr. of silver, per ton. 
The samples were taken from a cross-cut 1079 feet from the 
surface, and show a remarkable similarity, irrespective of dis- 
tan(?e from the lode, with one exception (a, Table XI.), which 
was taken but 2 feet from the lode, and carried a vein of aurif- 
erous pyrite. 

An account of the separation and analysis of various crystal- 
line silicates from these specimens is given further on, in the 
section dealing with the analysis of the constituents of crystal- 
line rocks. The results of that inquiry confirm the conclusion 
drawn from Table XL, that the country-rock contains neither 
gold nor silver. The exception {a) above noted, was almost 
certainly due to an impregnation from the neighboring lode. 

Maeetown^ Otago^ South Island of New Zealand. 

The country-rocks of the Otago gold-veins are metamorphic, 
gradually changing from true phylllte in the east to much con- 
torted and foliated mica-sehists towards central Otago. In the 
JV. Z. Geological Report of 1878-79 (p. 14) Sir James Hector 
arranges these mica-schists in three divisions, in the middle 
one of which lie the most productive gold-fields of Otago. 

These schists contain numerous quartz-folia, mostly not more 
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than 1 or 2 inches thick, hut occasionally reaching 8 inches or 
a foot. Ill the latter case, they form lenses of quartz, not usu- 
ally of great extent in strike or dip. 

The quartz-lodes, which usually dip steeply, cut across the 
bedding of the schists. 

The district of Macetown is in the heart of a mountain 
region, 20 miles N.E. of Queenstown, on Lake 'Wakatipu. 
Here well-defined lodes are worked hy means of tunnels which 
reach a depth below the surface of at least 1500 feet. Samples 
to illustrate the deep underground circulation were taken from 
two mines named below, with the assistance of Mr. W. J. 
Stanford, the general manager of both. 

The Tipiyeraru Mine . — A specially good cross-section of the 
country at right angles to the strike of the reef is afforded hy 
the prospecting deep adit of this company, which was started 
1840 feet from the footwall of the Tqjperary lode, an<l intended 
to strike the lode in a part which had proved rich in the work- 
ings above. At the time I took my last samples, the adit 
had been driven 1530 feet. At 164 feet from the mouth, the 
Dublin United reef, a gold-bearing lode 1 foot wide; and 8 70 
feet further (or 940 feet from the mouth) another, the Kil- 
laruey reef, 1 foot 6 inches wide, was crossed. The Tipperary 
reef was known to be about 300 feet further on. (')v('r 70 
samples were taken from this adit, the farther end of wliieh 
was approximately 1000 feet below the surface. The samples 
taken between the mouth and the Dublin United reef repre- 
sent the vadose circulation, and will be considered later umh'r 
that head. The remainder form a very good typical series from 
the deep circulation. 

Special interest attaches to the analysis of tin' (piartz-folia 
already mentioned as abounding in the mica-schists of Otago. 
In this adit a number of such folia of fair width were crossi'd 
at various distances from the two lodes cut bv the a<lit, and 
samples of these, as well as of mica-schist not containing (juartz- 
folia of unusual size, were taken. 

If gold be disseminated through the mica-schist country- 
rock, and the gold of the lodes be due to a leacliing of this 
rock, there seems to he no reason why those quartz-folia — c-ach 
of which constitutes, as it were, a miniature lode — should not 
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have "been similarly enriched from the rock on both sides, espe- 
cially as the solvent action of water percolating through sedi- 
mentary rocks during their metamorphosis would almost cer- 
tainly be greater than that of the water which carried silica in 
solution and formed the quartz-reefs. The detection of gold in 
these quartz-folia, at a long distance from any auriferous lode, 
would therefore give strong support in this case to the lateral- 
secretion theory, and vice versa. 

Table XII. contains the results of analyses of such quartz- 
folia from the Tipperary deep adit, together with a few similar 
samples from the Premier mine. It shows that the quartz-folia 
in this mica-schist are not auriferous when sulphides are not 
present, and that sulphides are present in appreciable quantity 
only when the quartz-folia are near an auriferous lode. 

Table XIII. contains the results of analysis of the country- 
rock in the Tipperary deep adit, which are plotted in Dia- 
gram G. 

Tlic Premier Mine , — This mine is situated a few miles from 
the Tipperary. In both this and the Tipperary mine a great 
deal of work has been done along the lode and at short dis- 
tances from it. The lode-fissure is clearly traceable for the 
whole distance (in one case over 2000 feet) to which it has been 
drifted on ; but the greater part of it is filled with mullock,’’ 
or broken mica-schist, with small quartz-veins, the whole being 
often fantastically contorted, and containing, as a rule, much 
carbonaceous matter. The quartz of the lode runs in shoots of 
varying width, only one of which has been worked in the Tippe- 
rary mine, while two have been worked in the Premier. For 
the purpose of studying the rock near the reef, samples were 
taken from short prospecting cross-cuts run from the lode in 
various directions, as well as from parts of the mine still nearer 
the lode-fissure. In the latter case care was taken to select sam- 
ples from parts of the mine opposite gold-bearing quartz, and 
also from parts opposite places where the lode carried mullock, 
and not aurilerous quartz. The results are given in Table 
XIV*. and plotted in Diagram 7. 

Tables XIIT. and XIV. illustrate again the striking difference, 
already noted, in both the yield of gold and the percentage of 
sulphidcB, between samples taken near lodes and those taken 
at a distance. 

VOL. XXVII. — 39 
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Beefton, Nelson, South Island of New Zealand. 

This district^ till lately the most productive of gold from 
quartz-lodes in JTew Zealand^ carries its gold-veins in Carbon- 
iferous rocks ; the Devonian strata, though well represented in 
it, not having been found to contain auriferous reefs. 

The Eeefton quartz-bodies often consist of bunches or irreg- 
ular masses, branching in all directions into the country-rock. 
These are aggregated along certain lines, the space between 
two bunches on such a line being occupied by a eoiineeting- 
fissure, generally very narrow and often filled with quartz or 
pug.’^ (See Fig. 4.) 

The bunches of quartz are not continuous to any great extent. 
The horizontal section of one of them has been compared in 
form to an octopus. It is noticeable that the lodes pnncli to a 
mere trace or connecting-fissure in the harder parts of the 
country-rock, while the quartz-bodies are invarial)ly snrronndcMl 
by rock showing evidences of severe faulting and crusliing. 
Nearly eveiy sample of this softer country-rock analyzed was 
traversed by slickensides and heads in all directions to mch an 
extent that it was difficult to pi^ocure a solid liaiid-spcciuien, 
as the pieces would not stand dressing with the luimmer. 
Samples illustrating the hard rock enclosing the narrow lode- 
fissures, and the softer, kindly, much-faulted rock lK)unding (he 
wider auriferous bodies were taken by Mr. T. KsdaiUs o(* (he 
Otago School of Mines, from the deep levels of thre(^ <)f‘ (he 
best-developed mines of the district — the Wealth of Nations, 
the Progress and the Hercules. The results of analysers are 
given in Table XV., which shows: (1) that the hard, solid slate 
contains, as a rule, very little pyritc, and is not aiirilerous; (“d) 
that the broken country around the bundles ot‘ aurilerous 
quartz contains a much larger i3orccntage of pyrite, and (bat 
this pyrite, when near the lode, is auriferous; and (J{) (hat al- 
though several samples of slate taken 140 to 200 feet ir<im the 
lode carried large quantities of i^yrito, this pyritc contained no 
gold (see e, g, m, Table XV.). 

Thames, North Island of New Zealand. 

This gold-field, in the Coromandel Peninsula of the North 
Island, presents a new type of country-rock, as compared with 
those considered above, all of which (except that of Cluirters 
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worked) consists of alternating hard and soft bands of horn- 
blende- and aiigite-andesites, of Lower Tertiary age. Aurifer- 
ous lodes occur in both hard and soft (decomposed) andesites, 
but they are not profitably rich, except where they traverse 
the latter. The undecomposed rock is extremely hard, and 
usually greenish or dark blue. It is locally called blue- 
stone.’^ The decomposed rock varies from almost pure white 
to gray and brown, and is often highly impregnated with 
pyrite. Its local name, kindly sandstone,” roughly indi- 
cates its appearance. The name propylite, proposed by Rich- 
thofen for an altered andesite like this, and applied to the 
“ kindly country” of the Thames by Mr. Janies Park,* lately 
Director of the Thames School of Mines, is similarly used in 
the present paper. This propylite contains a large number of 
auriferous lodes, practically parallel, and generally striking 
hT.E. The gold they contain is usually alloyed with 30 to 40 
per cent, of silver. In some parts of the field, the silver con- 
stitutes 50 or 60 per cent, of the bullion obtained. 

Prof. Hutton has shownf that the projiylitc consists en- 
tirely of the products of decomposition of the niialtered ande- 
site with which it is associated. (Becker, in his work on tlu^ 
Comstock Lode, has shown a somewhat similar decomposition 
of the andesite and diabase wliich bound it). Prof Hutton 
gives it as his opinion that the origin of the gold in the aurii- 
erous lodes will probably be found in the pyroxenes of the an- 
desites, and strongly advises chemical examination of tlu^, amU'- 
sites to clear up this question. Mr. Park, in his report alriuidy 
cited, agrees with Prof. Hutton, and promises further inv(‘S- 
tigation. Both these authors aserihe the alteration of tiu‘ har<l 
andesite into propylite to heated waters, carrying hydrogiai 
sulphide and other acid vapors. These waters, having a high 
temperature, must have been, of eourse, ascending waters. 
Tins narrows the inquiiy to two questions : 

1. Do the gold and silver of these lodes form a part oi* the, 
crystalline constituents (pyroxene or other silicatt^s) of tlu^ origi- 
nal andesite, and did the heated waters, (UHH)mpoHing these. 

* See Mr. Park’s admirable report on the Tluinu's gold-iields, printed an an ap^ 
pendixto the New feiland Mining 18t);L 

t ^‘On the Books of the ITauraki (x-old-ficld/’ by R W* irntton, 

AuBtrd, .Ass, Adv. ScL, vol i., 1887, pp. 246-274. 
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crystalline constituents, dissolve the gold and silver and carry 
them into the lode-fissures where they are now found ? or, 

2. Did the heated waters obtain their gold and silver from 
rocks at greater depths, whence they were carried into their 
present position ? 

If the first question is to be answered in the affirmative, then 
analysis of the unaltered rock, and especially separate analysis 
of its isolated crystalline constituents, should detect gold and 
silver. Otherwise, it seems reasonable to conclude that some 
such hypothesis as is stated in Ho. 2 is the true one. So far 
as I am aware, no analysis of the crystalline constituents 
of the Thames andesites has been made hitherto, though Prof, 
liutton mentions that in one instance gold has been found in 
pyrite not actually taken from the lode itself. 

The Moanataiari TuimeL — A very good section of both the 
unaltered andesite and the propylite, as exposed in a deep 
level, away from the oxidizing infiuence of the ground-water, 
is aiforded by the Moanataiari tunnel, which has been driven 
3125 feet into the Kuranui hill, and is 1530 feef beneath the 
surface at its inner end. This adit crosses several belts, both 
of hard and of kindly rock. The gold-bearing veins inter- 
sected ])y it arc in many cases associated with the latter. At 
1500 feet from the mouth, the great Moanataiari fault was struck, 
bringing hard unaltered country opposite the kindly propylite. 

Tables XVI. and XVII. contain the results of analyses, taken 
as indicated in the plan of the tunnel, Fig. 5. In every case 
in which the sample was concentrated, the silver as well as the 
gold in the concentrate was determined ; and the usual exami- 
nation for insoluble sulphides was made in this field as in all 
others. 

Tables XVI. and XVII. exhibit a striking difference between 
the hard andesite and the kindly propylite, both as to their 
gold and silver, and as to their sulphide contents. Taken 
together with Table XVIII., they point to the conclusion that 
the gold and silver of the propylite are not derived from the 
pyroxene or from any other constituents of the unaltered rocks, 
but must have their origin in some rock not reached by any of 
the present mine-workings. 

Prof. Hutton'^ thinks there can be no reasonable doubt that 


* Op, cit^ p. 265., 
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the gold came out of the volcanic rocks, and was not brought 
into them from below,” and gives five reasons for this opinion. 
But he admits that no chemical examination of the country- 
rock has been made, and also (onp. 269) that Sir James Hec- 
tor, who has had large experience of this field, believes that 
the gold and silver came from a source lower than the andesites 
which hound the reefs. The evidence supplied by Tables XVI., 
XVII. and XVIII. should throw additional light on the subject. 

It will be noticed in Table XVI. that there is a great difier- 
ence in fineness between the gold in the favorable country-rock 
and that found in the quartz lodes running through that rock. 
Seven samples taken from various reefs crossed in the tunnel 
gave an average fineness of 63.18 gold and 86.82 silver, while 
the average fineness of the bullion obtained from the pyrite ot 
the country-rock is 22.93 gold and 77.07 silver. Considering 
the fairly large iiumber of samples analyzed, this difierence 
can scarcely be regarded as accidental. It will be interesting 
to note whether future analyses of the pyrite from the propylite 
confii'm it. 

Chapter V. — The Examination oe Various Constituents op 

Crystalline and Eruptive Rocks for Gold and Silver. ■ 

In the South Island of Hew Zealand an unusually favorable 
opportunity is ofiE'ered for the analysis of the older crystalline 
rocks, underlying the sedimentary rocks which form the 
“ country ” of the gold deposits. The Manipori formation of 
this island, comprising the greater part of the mountainous 
district west of lakes Manipori and Te Anau, in Otago, con- 
sists of an enormous thickness (estimated by Prof. Hutton* at 
160,000 feet) of crystalline schists, gneiss, syenite and syenitic 
gneiss, with associated masses of granite ; the whole forming 
the most picturesque part of New Zealand. The famous 
"West Coast sounds occur in this formation. No paying 
auriferous lodes have been discovered in it ; and for this reason 
an examination of the rocks is specially interesting here. Stelz- 
ner, Posepny and others, who have criticized the conclusions 
of Sandbergor, have laid great stress on the fact that all the 
silicates analyzed by him were taken from the vicinity of ore- 


* Geology of Otago ^ by Hutton and Ulrich, p. 28 . 
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bodies containing those heavy metals which he notes as oc- 
curring in the silicates of the country -rock ; their contention 
being that these metals, suj)pose<i to occur as silicates in gneiss 
and other crystalline rocks, were really contained as sulphides, 
and were therefore impregnations from the neighboring ore- 
bodies. The same objection, whatever be its weight, might be 
urged with equal justice against Mr. Becker’s derivation of the 
mercury and gold of the lodes of the Pacific Coast from the 
granite underlying their country-rock. In the case of the 
Manipori formation, just mentioned, such criticism could hardly 
be made, as no auriferous lodes have been found within many 
miles of the district from which samples were taken for the 
present investigation. 

In the South Island also, samples were taken from the gran- 
ite abutting on the Carboniferous strata near Reefton, which 
latter arc the chief carriers of auriferous lodes in the western 
part of the island. 

Other samples of granite wore collected from various jnirts 
of Westland and hTelson, as far north as the granite quarries ot 
Cape Poulwind. 

Selwyn has pointed oiit'^ that the auriferous Silurian rocks of 
Victoria probably rest everywhere on granite; and tins conclu- 
sion has been supported by the later obBcrvations of M array f 
and others. This underlying granite has not been reached in 
any of the mines working in the stratified rocks about it; l)ut 
it is exposed at the surface in many parts of the eolouy, both 
near to gold-bearing areas and distant from them. Numerous 
samples of it were taken for this investigation.^ 

The study of the country-rock from Gymi>ie and (Imrttu’B 
Towers, Queensland, gave a good opportunity lor (be analysiB 
of silicates from crystal lino igneous rocks. In Ibe t*use of 
Charters Towers, the whole country-rock (lo<*ally ternu'd gran- 
ite) is quartz-diorite, with a little accoKSSory mi(*u; whiU‘ at 

* Geology and. Physical Geography of Victoria, hy A. IL 0, Schwn luul (». F. II. 
Plrich. 

t Geology and Physical Geography of Vktoria, by A. E. F. Murray, Nlclhuunu*, 
3887. 

i In New South Whales, granite forms the country-rock of a lunmhor of aurifer- 
ous lodes ; and it is much to be desired that some investigator on tlie H[)ot would 
take up this inquiry. The present paper contains no analyses of New Hoiith 
Wales granite. 
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Gympie a thick sheet of diorite aphanite (locally termed green- 
stone), containing a large percentage of carbonate of lime, is 
interbedded with the shales which bound the auriferous reefs, 
these kindly shales occurring both above and below it. Messrs. 
Alfred Lord and E. Steele, of Gympie, have furnished samples 
of the “ greenstone.” 

Sandberger’s results having been criticized on the ground 
that all the rocks he analyzed contained sulphides, and Po- 
sepuy^ having urged the same objection to Becker’s conclusions 
in the case of the Comstock lode, this point was carefully 
guarded. In every instance (oven though an examination of a 
hand-si)ccimcn showed no sulphides), an analysis of the rock 
was first made, to determine whether sulphides were present ; 
and whenever such was the case, the sulphides were isolated 
by panning, and separately assayed for gold and silver ; but 
%pheti salphides were thus found, no separation of the other crystalline 
constituents of the rock was made. 

It was deemed necessary to isolate and examine the follow- 
ing minerals: (1) 31ica and (2) Hornblende, because to these 
Saudberger traces the silver and gold of many European lodes; 
(3) the Pyroxenes of the later eruptives, because Becker traces 
the gold and silver of the Comstock to the augite of the dia- 
base, and b(rth Hutton and Park (already cited) are inclined to 
refer the gold and silver of the Thames district, PT. Z., to the 
pyroxenes of the andesite ;t and (4) Magnetite, because of Prof. 
Hutton’s reniai'k:i 

“T would auggcfit tliat, as part, at least, of the pyrites has been formed from 
maguetitCj the gold may liave been originally in the magnetite, and have been 
released during the formation of the pyrites. I do not think that this has been 
the ease, bu,t it ?.s a 'point mrthj of inveHtigation by the chemiet The pyrites is, no 
doubt, a Hecondary mineral, formed in the rock after consolidation ; and if it 
Should turn out to he generally auriferous, we must suppose either that the gold 
came from below with the sulphur, or that its source is the titaniferous magnetite 
which is one of the original constituents of the rocks.” 


* ‘‘The Genesis of ^Oi'e-Deposits,” Tram., xxiii, 282. 

f Prof. Hutton says on this point (op. c,t, p. 272) : “If, therefore, we assume 
that the pyroxenes of our volcanic rocks contain gold and silver, that the con- 
ditions necessary for dissolving them rarely obtain, but that one of the exceptions 
has been in the Ilauraki LTliames] gold-fields, we have a hypothesis which will, I 
think, explain most of the facts.” 

X Op. cit, p. 271. 
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Isolation of Minerals. 

The crystalline rocks examined comprised: (1) those in 
which certain minerals were distributed in large crystals or 
arranged in folia, so that clean samples could be picked out by 
hand ; and (2) those from which the various minerals had to 
be separated by means of a liquid of high specific gravity. 

The first class included many samples from the gneiss, syen- 
ite and granite of the Manipori formation, K Z., from which 
the separation of mica and hornblende was specially easy. In 
various parts of this formation mica-veins are abundant. It 
was sometimes possible to pick in a few minutes 2 or o pounds 
of clean mica in plates up to 2 or 3 inches square. The syenite 
and syenitie gneiss often contain bands of almost puie horn- 
blende, quite an inch thick, permitting a similarly easy isola- 
tion. Finally, magnetite can, of course, be easily separated 
from any rock in which it occurs. 

The treatment of the second class, comprising many of the 
rocks examined, may require some explanation. 

The separation of minerals from rocks by means of heavy so- 
lutions is extremely tedious, and it is therefore desirable to re- 
duce the quantity of the rock to be operated iqion if this can 
be done without material loss of the mineral to bo isolated. 
As all crystalline rocks contain a large percentage of material 
below 3 in sp. gr., which can be effectively removed by pan- 
ning, each sample was concentrated first by panning to get ri<l 
of quartz, feldspar and other specifically light materials, ddiis 
procedure would, of course, be inadmissible if the object had 
been to determine accurately the gold and silver per ton of the 
rock examined ; but the purpose in each case being simidy t,o 
get as large a quantity as possible of a given mineral, and to 
get that sample approximately pure, this preliminary crude con- 
centration seemed to be unobjectionable. 

As an illustration, the following record of the procu'ss, as 
applied in one instance (Sample 7, Table XVIII.), is hero 
given. With suitable modifications, this liiethod was fol- 
lowed in all similar cases : 

Sample of Si/cnite, 

1. The sample was roughly broken and examined with a good lens, but no sul- 
phides were discovered. A chemical analysis of 10 grammes of the samphi also 
showed that sulphides were absent. 
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2. A portion of 500 grammes, pulverized so as to pass a No. 30 sieve, was re- 
duced by careful panning to 217 grammes, of which 58 grammes was removed by 
a weak magnet. The portion thus removed proved, under the microscope, not to 
be pure magnetite, but to contain a good proportion of hornblende and feldspar 
(chiefly orthoclase) grains, probably drawn to the magnet by small adhering par- 
ticles of magnetite. 

3. The 159 grammes not attracted by the magnet consisted chiefly of horn- 
blende and feldspar, with a little mica (biotite) and quartz. This powder was in- 
troduced into an apparatus modeled on Thoulet’s, but made of large size, to save 
time. The heavy liquid used was Sonstadt’s : mercuric iodide, dissolved in excess 
of potassic iodide, and having 3.175 sp. gr. 

On exhausting the air from the apparatus, 77.5 grammes of practically pure 
hornblende fell to the bottom of the liquid. A dilution of this liquid to 2.95 
sp. gr. was followed by the precipitation of 35.5 grammes more — also nearly pure 
hornblende. The total of 113 grammes, reckoned as hornblende, was finely pow- 
dered and assayed with pure litharge. No trace of gold or silver was obtained. 

4. The 58 grammes removed by the magnet was similarly powdered and 
assayed, with the same result. 

Soiistadt’s solution is cheap and easily prepared, but has the 
great disadvantage of being extremely corrosive. Even with 
the greatest care, it was found almost impossible for the ope- 
rator to avoid burning his fingers. Hence, in a number of in- 
stances Klein’s solution of boro-tungstate of cadmium was em- 
ployed. Tliis has another advantage over Sonstadf s solution, 
namely, that when a partial separation of hornblende from 
augite is desired, the greater part of the hornblende can be 
kept from sinking in the liquid hy using the latter in the con- 
centrated state.* 

The results of the analysis of minerals separated from 47 
samples of rock are given in Table XVIII. On this table the 
following additional notes arc presented : 

1. Sample 17 represents a rock of peculiar occurrence, occu- 
pying a narrow strip in an area of Tertiary trachyte at Porto- 
hello, on the east coast of the Otago peninsula. Samples taken 
short distances apart vary much in character; but, on the whole, 
the rock may be classed as a diorite. Gold was said to have 

* It was found impossible to separate augite from liornblende completely by the 
use of heavy liquids ; but since no gold or silver was found in either, this fact did 
not affect the practical results of this investigation. The same remark applies 
more or less to all the minerals thus isolated for analysis. The writer knows of 
no method which will perfectly isolate considerable quantities of one mineral 
from other minerals not widely removed in specific gravity. In Table XVIII., 
therefore, the terms ‘Miorublendc/^ '^augite,'’ etc,, simply designate the great- 
est part of the mineral samples to which they are applied. 
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teen found in the rock^ up to half an ounce to the ton. If this 
■were the case, such an occurrence of gold would have been, so 
far as the writer knows, unique. 

Of the three samples chosen, one (Ho. 17) contained pyrite, 
and this pyrite was — but the rock itself was not — auriferous. 
The occurrence of auriferous pyrite in such an area (of recent 
volcanic rocks) is most unusual, and Prof. Ulrich, Director of 
the Otago School of Mines,^ who has examined the locality and 
studied rock-sections from it, thinks that this dioritic rock 
probably underlies the basic volcanics which form the rest of 
the peninsula. In that case, it would be allied rather to the 
dikes of the Upper Silurian in Victoria than to the newer vol- 
canic rocks of its immediate neighborhood. 

A prepared thin section of this rock was microscoiueally 
examined by a German mineralogist, who says of it : 

^‘This rock is, without doubt, one of the older volcanic rocks. It consists of 
feldspar, mica and hornblende, with a little quartz and magnetite. Mica is to a 
great extent absorbed, and magnetite has taken its place. Tiie JOck is dinicult 
to classify, but would be best described as an elmolite-byenitio roek.^’ 

2. Samples 29 to 34 are from the Thames district. Lt was 
found difficult to get samples of the Thames andesites in which 
the analysis of 5 grammes would show no trace of sulphides — 
this being, as already explained, a requisite couditioii for the 
jiarticular investigation in hand. A large number of samples 
had to he rejected on this account; but in Nos. 29 to 34 no 
trace of sulphides was found. Tables XVL and XVI L, on 
the other hand, give numerous samples of the Tlunnes undt^- 
site country-rock, containing pyrite and other snl]:)hides, cairry- 
ing in many cases notable quantities of gold and sika^r, 

3. Niue samples in Table XVUI. — namely, Nos. (J, 11, 13, 
17, 20, 86, 38, 46 and 47 — contained sulphides. Idle results ot 
further examination -were as follows: 

No. 6, Sample of 500 grammos gave 53 grammes ol* sul- 
phides, mostly pyrrhotite and chalcopyrite^ which contuiued 
0.0053 grain of silver. 

No. 11. Sample of 500 grammes gave 18.56 gramim^s, 
chiefly pyrrhotite. No gold or silver. 

* I desire at this point to express my grateful thanks to our rt^speeted chief, 
Prof. Ulrich, for much kind encouragement and practical assistance. 
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No. 18. Sample of 1000 grammes gave 12.18 grammes of 
pjH-rliotite and arsenopyrite. No gold or silver. 

No. 17- Sample of 1000 grammes gave 4.934 grammes of 
pyritCj containing 0-037 grain of gold and 0.0041 grain of 
silver. 

No. 26. Sample of 1000 grammes gave 28.92 of arsenopy- 
rite and pyrrhotite, with a little galena, containing 0.0032 
grain of gold and 0.0019 grain of silver. 

No. 36. Sample of 1000 grammes gave 16.48 grammes ehal- 
copyrite, with a small quantity of bournonite, carrying 0.407 
grain of silver and no gold. 

No. 38. Sample of 1000 grammes gave 16.03 grammes of 
pyrite. No gold or silver. 

No, 46. Sample of 1000 grammes gave 8.42 grammes of 
pyrite. No gold or silver. 

No. 47. Sample of 500 grammes gave 42.7 grammes of 
pyrite and galena, containing 0.0016 grain of gold and 0.0037 
grain of silver. 

Qmclusioiis , — The results summarized in Table XVIII. were 
greatly sui'prising to the writer. In view of the usually tedious 
character of the operation of isolating the various constituents 
of a rock, he would not have examined so large a number of 
samples had he not expected, at each new analysis, that he 
might succeed in discovering gold in some mineral other than 
a sulphide. 

It is, perhaps, comparatively easy to conceive why, in a strati- 
fied area, gold may occur only in connection with sulphides; 
but that in such a rock as gneiss, granite, syenite, or diorite, 
it should form no part of the crystalline constituents, but, on 
the contrary, should occur only in the sulphides found in these 
rocks, seems more remarkable and significant. 

Chapter VI. — The Vadose Region, 

Prof. Poseimy* advances the sweeping proposition that the 
formation of ore-deposits could have taken place by descension 
and lateral secretion in the vadose region of circulation only, 
and must have been, in the deep region, the product of ascend- 
ing curi'cnts. This distinction is, perhaps, too sharply drawn 
by him. It seems to the writer that the lateral-secretion theory 


* Op , citf xxiiL, p. 262 . 
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can scarcely be put out of court by assuming a lateral-secretion 
to be impossible below the ground-water level. Yet the 
marked dift’erence everywhere observed in the contents of 
auriferous lodes above and below that level required that the 
rocks of the two zones should be distinguished, and separately 
analyzed in this investigation. 

From an economic standpoint, this difference is expressed by 
the almost universal experience in the Australasian gold-fields, 
that the average yield of gold is much smaller below the water- 
level than near the surface. This statement, which will doubt- 
less be controverted in some quarters, is based on the concur- 
rent testimony of a large number of mine-managers and others, 
having long exiDerience in the auriferous deposits of Australia 
and Yew Zealand. The almost unanimous evidence is in 
favor of the greater richness of vadose deposits. Several men 
of great experience have even given the opinion that, for ounces 
per ton above the ground-water level, only pennyweights per ton 
have been found below it. 

This important economic question is naturally discussed in 
treatises on ore-deposits. Phillips,'^ for example, gives a num- 
ber of reasons why the results in the vadose region may seem 
to be, while they are not really, higher than those of deep levels. 
Even after taking these considerations into account, however, 
the evidence of greater luchness in the vadose region in Aus- 
tralia seems overwhelming. 

In this connection, reference may be made to the exhaustive 
work of Mr. E. Brough Smyth, f and to a very interesting little 
work,J dealing with the yield of the auriferous deposits <^r Vic- 
toria from 1851 to 1862. The reader of the latter book may 
suspect the anonymous author of overstating the facts; but a 
comparison of the average yields noted in it with thos(i of mim^s 
now working in the same reefs, with the aid of the latest gold- 
saving appliances, can hardly fail to carry conviction, even to 
those who, permitting “the wish” to be “father to the thought,” 
deny the impoverishment of auriferous lodes in depth. § 

* A Treatise on Ore-Deposits, by J. A. Plxillips, London, 1884, pp, 60-62. 

t Gold-Fields of Victoria, Melbourne, 1869, pp. 233-2<Sl. 

i The Gold-Fields of Victoria in 1862, by a Special Koporter of the Mel- 

bourne, 1863. 

J The gold-field of Bendigo is often cited as an instance to the contrary, good 
yields having been there obtained in some cases from groat depths (2000 to 2800 
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This greater richness of the vadose region might he explained 
in either of two ways. 

1. If the auriferous contents of the lodes are derived from 
some deeper soiircej and have been deposited from warm as- 
cending waters, the decrease of pressure on approaching what 
was, at the time of the lode-formation, the surface, might 
account for the precipitation of the precious metals in greater 
quantities near that surface. 

2. If the reefs and their auriferous contents are due to the 
leaching action of solutions traversing the country-rock on each 
side of the fissures, such leaching action would naturally be far 
more intense near the simface, because the oxidizing action of 
the surface-water would naturally be much greater in the vadose 
region. 

Either of these hypotheses might account for the greater 
richness of the vadose region. In the first case we might have 
in the present deposits of that region an example of the re-so- 
lution and precipitation of gold which had been previously 
brought up from greater depths ; while in the second case we 
might expect to trace a leaching action similar to that occurring 
in depth, only augmented by the effect of the oxidizing vadose 
waters. 

The question is naturally suggested, whether natural re- 
agents capable of dissolving gold* are to be found in the vi- 
cinity of auriferous lodes. And this inquiry suggests the 
further questions : Does gold exist in solution in mine-waters 
of either the vadose or the deep circulation ? Does the gold 
of the vadose circulation, in any particular mine, contain a 
smaller percentage of silver than that of the deep circulation ? 
Is any evidence of rc-solution and re-preeipitation to he obtained 
by analyzing samidcs of country-rock from the vadose region, cor- 
responding in position with samples of the deep region of the 
same district ? 

Natural Solvents of Gold, 

The chief solvents of gold at all likely to occur iti the neigh- 
borhood of lodes are bromine, iodine, ferric chloride, ferric sul- 
phate and chlorine. 

feet) ; but tlie reason for this is indicated in the remarks of Mr. E. J. Dunn, in 
his report on the Bendigo Gold-Fieldaj pp. 6 and 9. 

* Gold is so easily precipitated from solution that an investigation as to pos- 
sible nrecioitatinfir aerents is scarcely necessary. 
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Sroniine cind Iodine . — The action of iodine as a solvent for 
gold in nature has been emphasized by some writers ; * but," 
whatever may have taken jDlaee in the past, the present inves- 
tigation seems to show that iodine is not at all abundant in au- 
riferous rocks. The partial or complete analysis of 53 samples 
of mine-water from both the vadose and the deep circulation 
has detected no bromine, and only in one instance any trace of 
a soluble iodide. If, however, bromides and iodides tlo c-xist 
in the vadose region, the agents which liberate chlorine (con- 
sidered below) would also liberate bromine and iodine. 

Ferric Chloride and Ferric Sulphate. — Mr. Henry Wurtzf re- 
marks that as early as 1859 he called attention to the solubility 
of gold in these salts ; but he does not state the strength of the 
solvent solutions employed. The same is true of many other 
assertions of this reaction, encountered in technical literaturo.'l; 
It was therefore deemed necessary in the present investigation 
to test the solubility of gold in solutions of the above salts of 
various strengths, not greatly exceeding, however, the degree 
of concentration actually found in the most highly mineral- 
ized waters analyzed. Solutions of ferric chloride and ferric 
sulphate, containing from 1 to 20 grammes per liter, were pre- 
pared, and finely divided (1) metallic gold and (2) auriierous 
sulphides were treated in these solutions, being freely ex])osod 
to the air at ordinary temperature for several months; but. no 
gold was dissolved, even by the strongest solutions. As tlu'. 
highest strength above named considerably exceeded that, of l.ho 
most highly mineralized mine-waters analyzed, no expiuhiients 
were made with still stronger solutions of the ferric salts. 

The negative result of these experiments is of course not con- 
clusive proof that gold may not have boon dissolvinl by those 
reagents in the vadose eireulation in a longer time and under 
other conditions than those supplied. 

Chlorine . — Possibly many reactions in nature, not ('asily re- 
produced in the laboratory, may liberate chlorine, even at, ordi- 

* Fnr e.vample, T. A. Kickard, “ On the Origin of the Gold-Bearing (iuartz of 
the Bendigo Reefs,’' Tmm.j xxii., ?i09. 
f Gold -Genesis/’ SGientific Aitieriran Supplment, No. 077^ p. 
t It is highly desirable lliat in all such statements of solubility^ tlio pnHUHO 
strength of the reagents should be given. Most of the account.H of the Holution of 
gold, for instance, employ, at beat, only the vague terms ‘^strong,” ‘GUlute,’’ 
etc. 
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nary temperatures. We know, kowever, that it is produced by 
the action of hydrochloric acid on the higher oxides of man- 
ganese, or by the action of sulphuric acid on the same oxides 
in the presence of chlorides. 

The question whether agents for the re-solution of gold exist 
in the vadose region is thus practically narrowed to a search, in 
the waters and rocks of that region, for (1) free hydrochloric 
acid; (2) free sulphuric acid; (3) the higher oxides of man- 
ganese; and (4) ferric chloride and ferric sulphate. 

It was desirable, at the outset, to determine the most dilute 
solution of hydrochloric acid which will, in the presence of the 
higher oxides of manganese, liberate sufficient chlorine to be 
detected by ordinaiw tests. Experiment showed that one part 
of hydrochloric acid of 1.16 sp. gr. in 2500 of Avater would give 
a distinct chlorine reaction, while one part of the same acid in 
1250 of AA'Titer produced chlorine enough to dissolve an amount 
o(* gold appreciable by delicate tests. As the proportion of pure 
ITCl to Avater is in the first case only about 1 to 8000, and in 
the second case 1 to 4000, it is evident that extremely dilute 
acid Avill, in the presence of manganese oxides, dissolve gold. 

Cdffse of AcuUfj/ in Mine-Waters. — The chief cause of acidity 
in mine-AAmters (see examples below) is without doubt the oxi- 
dation of pyrite, AAdiich yields ferric sulphate and sulphuric 
acid. The latter, acting on the chlorides, Avhich are ahvays 
pr(‘sent to greater or less extent in mine-Avaters, frees hydro- 
chloric acid. The Aviutor has never found a Avater containing 
lr(‘e add in Avhich there was not also a large percentage of fer- 
ric salts. 

The Oeeurrcnce of Oxides of MarigaMse in Mining Districts . — 
In some mining districts (notably in Karangahake, in the 
T1 names gold-field) the oxides of manganese often form a great 
part of the lode-filling. While this, however, is exceptional in 
Australia and TSTcw Zealand, the presence of the higher oxides 
of manganese in the ferric oxides of the vadose circulation is 
surprisingly general. Twenty analyses of such material from 
various localities showed in 17 cases manganese, representing 
from 0.012 to 48.59 per cent, (reckoned as Mn 304 ). To one 
sample, containing only 0.88 per cent, of Mng 04 , dilute hydro- 
chloric acid and precipitated gold were added, and gold Avas 
found to be dissolved. 

VOL. XXYlL—iO 
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If, therefore, the vadose mine-waters are found to contain 
free hydrochloric acid, it is evident that agents for the re-solu- 
tiou of gold in that zone are not laehing. 

The Acidity of Vadose Min&- Waters . — An aoid reaction with 
teshpaper does not prove the presence of free acid. Every 
water examined which contained an appreciable ciuantity of 
ferric salts gav^e a distinct acid reaction, though in a number of 
eases examination proved the absence of free acid. 

Seventeen samples of vadose waters were examined for free 
acid ; care being taken to collect the water as it ran froni the 
rock' or vein, before any considerable exposure to oxidizing 
agencies other than the oxygen held in solution by the water 
itself. 

In calculating the results from those samples which carried 
much free acid, if both sulphates and chlorides were present, 
and the amount of free acid exceeded the amount represented 
by the chlorine radical in the water, the whole of the chlorine 
radical was taken as combined with H to form tree hydrochloric 
acid, and the remainder of the free acid found was reekoned 
as sulphuric acid. The results are shown in Table AIA. I he 
amount of ferric chloride and sulphate can ho ap]>ro.\in)aiely 
calculated from the proportiou of iron present as ferric salts. 
Even after complete oxidation by exposure to the air, the 
total weight of ferric salts could never exceed 12 grammes per 
liter. For this reason, in the experiments previously described. 
{ante, p. 598), I did not use solutions of ferric sails containing 
more than 20 grammes per liter. 

Table XTX. shows the considerable increase in a<!idily (‘austid 
by exposure to the air. It is noteworthy that all the samples 
marked *, when taken from the mine, precipitated gold from 
solution, but that the same waters, after thorough oxidation, 
dissolved metallic gold when the higher oxides of manganese 
were added to them. 

The results shown in Table XIX. point to the following i!ou- 
elusions : 

1. In districts like the Thames, X. Z., where the coimlry- 
rock is highly charged with sulphides, the vadose water may 
often contain free hydrochloric acid sufficient (wlum the higher 
oxides of manganese are present) to re-dissolve gold. Though 
the Thames samples were incapable of holding ordinary salts 
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of gold in solution, they acted as solvents of gold when they 
were thoroughly oxidized and manganese oxides were present. 

2. The great majority of the mine-waters analyzed contained 
no free acid which could liberate chlorine by acting on the 
oxides of manganese that are abundant near quartz reefs. 

3. The higher salts of iron are not present in any samples of 
water analyzed by me, in sufficient quantity to dissolve gold at 
ordinary temperatures. (Stronger solutions of these salts failed 
to dissolve gold.) It may be added, that in every ease in which 
much iron was present, free acids were also found ; so that in 
any solution of gold that might be effected, the more powerful 
solvent, chlorine, might also be acting. 

. Notwithstanding these conclusions, I must point out that the 
re-solution of gold has probably gone on, and is still going on, 
in the vadose region, even where the vadose waters contain 
neither free hydrochloric acid nor notable quantities of ferric 
salts. The analyses of samples from the vadose regions of 
Walhalla and Ballarat (see Tables XX. and XXI., and Diagrams 
8 and 9) the vadose waters of which contained no free acid, and 
were very poor in dissolved minerals, show that such re-solution 
has [)robably been considerable, though we find no agencies 
now existing which would account for it. 

Doos Gold Exist in Mim-Watcrs of Either or Both Circulations? 

Prof. A. Liversidge* has pointed out that the search for gold 
in meteoric and mine-waters has not proved its presence in so- 
lution. It has been detected, but it may have been in mechani- 
cal suspension. So far as I know, Messrs. Norman Taylor and 
C'osmo Newbery, of the Victorian Geological Survey, are the 
only persons who have experimentally investigated this subject 
in these colonies. Mr. Newbery, who made the most experi- 
numts, said before the Victorian Royal Commission on Gold- 
Miningt that whenever he got gold, he got also angular frag- 
numts of quartz, which could find its way wherever gold could 
find its way, and both might have been conveyed mechanically. 

The evidence for the existence of gold in mine-waters rests, 
so far as I am aware, on the discovery of gold : (1) in boiler- 

* “On tlio Origin of Gold Nuggets.*’ Itoy^ Soc, JSf, 8. Wales, Apr. 6, 1893. 

t Meportof the Commmio7h, 1893, p. 68, 
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scale from boilers fed witb mine-water ; and (2) in wood 
taken from old mine-workings, wliere it had been covered for 
some time with mine-water — the latter being assumed to have 
carried dissolved gold into the timber, to be precipitated by the 
organic matter of the wood. But the tinding of gold under 
such circumstances does not prove that it was in solution in 
mine-waters at deep levels. In the first case, the gold may 
have been carried into the boiler in suspension, along with the 
silt which all mine-waters contain. In the second ease, even 
thoucrh gold may have been dissolved in the water surrounding 
the old timbers, it may have been brought into such solution 
by the action of air in the mine-workings, oxidizing sulpliides 
of the rock to sulphates and setting free sulphuric acid, which, 
in turn, acting on the chlorides always present in mine-waters, 
would liberate hydrochloric acid. This acid, acting on oxides 
of manganese, would free chlorine, which would dissolve gold. 
This statement applies particularly to all mines the waters at 
which contain much iron. Every sample of chalybeate inine- 
W'ater analyzed by me acted as a precipitant of gold when taken 
fresh from the workings, but as a solvent of gold at ordimiry 
temperatures, in the presence of the oxides of maug'ancse, when 
it had been exposed to the air for a week or two. 

Mr. Hewbery, however, distinctly said, in liiw testimony 
already cited, that he found angular quartz which hud l)ecn 
soaked up into the timber examined, and that- the gold might 
have been mechanically introduced in the same way. 

‘With regard to the suspension of gold in min(‘-wiitm‘s, tlie 
following evidence, obtained by me last year, may be ot‘ inttua^st. 

In the Long Tunnel Gr. M. Co.’s mine at Walludla, Cipps- 
land, Victoria, one of the most productive mines in Australia,’^* 
the water pumped from various depths, down to about 2^100 
feet below the surface, is run into kvo largo settling-tanks, be- 
fore using. At the time of my visit one of these tanks (*on- 
tained a large quantity of fine silt, which had b<‘en suspemUMl 
in the miiiGAvator. I analyzed three saTn]>lesof al)out 2 i)oun(ls 
each, first panning ofi' the lighter part, and then assaying the 
residue. The first sample gave 0.0003 grain of gold; the see- 
ond, no trace; and the third, 0.0175 gi'ain. 

* Mr. Rama<ay Thompson, the general manager, to whom I am imletaetl for 
mnch kind assistance, informed me that np to December, ls94, this mine had pro- 
duced over 22 tons of gold, and had paid £1,200,000 in dividends. 
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These results show that assays of boiler-scale do not necessa- 
rily prove that gold was dissolved in the water depositing it ; 
and, also, that in all analyses even of samples from the vadose 
circulation, to test the presence of dissolved gold, care must be 
taken to free the water beforehand from every trace of sus- 
pended matter. 

I have tested many old mine-timbers for gold. In every 
case the outside wood was chipped ofi‘ to the depth of about 
-J- inch; and, when cracks appeared in the timber, about J inch 
on each side of the crack was also chipped off. These parts 
were burned, and analyzed separately from the inner portions. 

The following table shows the results of several such analyses. 


Analyses of Old Mine-Timbers. 


Sample 

Description and Locality. 

Part Analyzed. 

Gold Found 

I. 

Prop from tlic Tipperary Gold Min- 
inpf Co., Macetown, Ot.)go, much 
decomposed. The part analyzed 
had been under water for many 
years. 

Outside of the 
prop. 

None. 

11 . 

Do. 

Inside of do. 

None. 

III. 

Prop from an old tunnel in an allu- 
vial terrace, near Skipper’s Point, 
Otago. The part analyzed had 
been under water for probably 20 
years. 

Outside of prop. 

None. 

IV. 

Do. 

Inside of do. 

None. 

V. 

A prop from the Premier mine, Mace- 
town, Otago. Water had been run- 
ning over it for 2 years at least. 

Outside of prop. 

0.0038 grain. 

VI. 

Rotten wood from the lower part of a 
rejected prop from the Long Tun- 
nel Gold Mining Co., Walhalla. 
From a part of the mine whore a 
richly auriferous reef liad been 
worked. 

Outside of do. 

0.0007 grain. 

TIL 

Do. 

Inside of do. 

None. 

VIIT. 

Decayed portion of lath brought up 
from the deep workings^ of the 
Northern Star Gold Mining Co., 
Ballarat . Had evidently been satu- 
rated with water for many years. 

No portion was 
sound ; all was 
burned and ana- 
lyzed. 

None. 

IX. 

Portion of sleeper used in a tramway, 
Northern Star Gold Mining Co., 
much decayed. A large ciuantity 
of water had been running over it 
for at least a year. 

No portion was 
sound ; all was 
burned and ana- 
lyzed. 

0.0129 grain. 
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Search for Gold in Mine- Waters , — It was soon found useless 
to examine mine-waters which contained much iron, and in 
which the ferrous salts had not been oxidixed to ferric salts hy 
exposure to the atmosphere. The analyses were consequently 
restricted, for the vadose region, to waters containing a very 
small percentage of iron salts, and chalybeate wuitcrs which 
have -been thoroughly oxidized (the latter being apparently ex- 
ceptional, even in that region), and, for the deep circulation, to 
waters containing so little iron that they do not act as })recipi- 
tants of gold. 

This chapter treats of mine- waters under the conditions of 
temperature and pressure now encountered. What might l>o 
effected by these waters under other conditions does not concern 
us at this stage. 

If gold be present in mine-waters at all, it is likely to l)e in 
very minute proportions. Hence large quantities of water 
must be operated upon. The method of evaporation for the 
assay of the residue was too tedious, especially in view of the 
limited time at my disposal in each locality’. I tliereforc 
availed myself of the well-known action of sulphides and or- 
ganic matter in precipitating gold from solution. 

A filter was constructed, consisting of a tinned-iron (wlinder, 
about 3 inches in diameter and 6 inches long, Unaninuting 
below in a funnel, inside of wdiich was placed a- filter oi‘ gluss- 
wmol, and above this the reducing agents (animal (‘liarcoal, arih 
fi.cial iron and lead sulphides, roughly powdered). The appeu* 
part was connected by a rubber tube with the lap sn[>plying 
the water to be tested. 

The following preliminary test proved the efHt*ien(*y ot iliis 
filter: A solution in 400 gallons of water (from ihe Dunedin 
water-mains) of 28 pounds of common salt, 8 onn(‘eH ol‘ mag- 
nesium sulphate, 8 ounces of ferric chloride and 0.1 grain of 
gold in the form of auric chloride, was allowed lo (,n(‘kU^ 
slowly through the filter, the operation taking about 4S honrs. 
The mixtui’e of sulphides and charcoal was tlm\ rejuoved, 
roasted and assayed, when 0,0926 grain of gold was rec^ovmanl, 
showing that practically all the gold had bemi preeipitattni. 

Ill examining mine-waters, the water was first (‘ollindiul in 
an iron tank, and powdered alum was added to it, eonq^Udely 
precipitating all suspended matter. After standing some hours, 
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it was tajiped from 2 or 3 inclies above tlie bottom of the tank, 
and filtered as above described. 

Four samples were thus treated; but in no case was gold 
found. 

The first sample (about 500 gallons) was water from the 
high-level tunnel of the Tipperary G. M. Co., which had perco- 
lated down from the surface through the lode-fissure for from 
200 to 500 feet, and flowed in a large stream from the tunnel- 
mouth. This practically represented the vadose circulation 
only. 

The second sample (about 500 gallons) was from the pump- 
discharge of the hyTew Chum Railway Go., Bendigo, Victoria, 
and re[)rcsentcd the whole drainage of the mine from the sur- 
face to a depth of 2850 feet. 

The third sample (about 700 gallons) was' from the Long 
Tunnel G. M. Co.’s mine, Walhalla, Victoria, near a very rich 
lode, iuul represented the whole drainage between the adit (700 
foot below tlie summit of the hill) and a level about 2300 feet 
below the surface, or over 1500 feet below the adit. 

The fourth sample (about 500 gallons), from a deep tunnel 
of the Premier mine, Advance Peak, Otago, driven on a lode 
which had proved richly auriferous in places, represented the 
whole drainage from the surface to probably 2000 feet below it 

The negative results of these tests ai'c the more surprising to 
me, simje otlier examinations, hereinafter described, afforded 
strong evi(U‘nce that solution and re-precipitation of gold have 
taken place in the vadose region. 

It is, ot‘ course, possible that gold may have existed in these 
samples in soitie Ibnu from which it was not precipitated by 
the reagents used. This is suggested, indeed, l)y my experi- 
eiua^ (see (11ui])ier VII.) in attempting to precipitate gold from 
sea-watm\ Tlu‘. (juestion can only ho deeided hy the evapora- 
tion of samph‘s (Hrst freed from suspended mattei') in larger 
amount and mnn!)er than mine, and the assay of the residues, 
I venture' to recommend such an in(iuiry to those who live in 
the vi<‘inity of ri(di mines and have time for the work. 

./)eos" the Gold of the Vadose, Rcffion Contain Generali;/ Lcm Silver 
than Thai of the Deep Cireidation in the Same District ? 

Hi'veral investigations have seemed to prove that, on the aver- 
age, the g'old of the alluvial deposits in Australia and elsewhere 
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is appreciably finer in quality than the vein-gold. The matter 
has been discussed chiefly in connection with the origin of 
nuggets;"^ but, so far as I know, no comparison as to fineness 
has been made between the vadose and the deep vein-gold. 

The observed difference between placer- and vein-gold may 
be held to show, either that the oxidized mineral-bearing waters 
running in the ancient drift-deposits dissolved out part of the 
silver with which the gold was alloyed, or else that these Avaters 
dissolved both gold and silver, the gold being again precipi- 
tated, alloyed with less silver than before. Similar reasoning 
might be applied to an observed difference between the vadose 
and the deep zone, in the quality of vein-gold. I have there- 
fore made comparative assays of this character in a number of 
cases. 

The fineness of the gold may vary considerably even in the 
same level, and within a few feet. This is true even in such 
districts as Bendigo, Ballarat and Otago, where the percentage 
of silver is comparatiA^ely low, while in districts like the 
Thames, N. Z., the variation observed is sometimes extraordi- 
nary. On the Avhole, hoAvever, the average quality of the gold 
won in districts of the former class varies little. 

Bive localities Avere chosen (chiefly by reason of fa<*ilities lor 
obtaining specimens from near the surface), namely, (1) the 
Ifenthorn gold-field, in mica-schist, in eastern Otago ; (12) the 
Tipperary and Premier mines, in mica-schist, Ma(H‘toAvn, <*en- 
tral Otago; (3) the Dart river, in northern Gippsland, repre- 
senting the Tipper Silurian of Victoria ; (4) the Jhmdigo ii(dd,t 
representing the Lower Silurian; and (5) the Thames distri(‘fi 
of the hTorth Island, in altered Lower Tertiary andesite. 

In a few instances the analyses were made oi* gold j^icked 
out of the reef; but the majority were assays of vein-stone. 
The percentage of silver was in each case obtained by dif- 
ference, and represents the loss per cent, of the prill after <piar- 
tatioii. 

* Prof. Liversidge, in the paper already cited, giA^es a convenient snimnary of 
the literature of this subject. 

t Surface samples are hard to get in Bendigo. ISTcarly all the companioH arc 
mining in the deep region, and have long ago exhausted tlie pay-<iuart/< ahove. 
I took many samples from outcrops of reefs, but found in the majority little 
or no gold. The results given below arc those in which a prill of appreciable uizu 
was obtained by assaying 1000 grains of vein-stone. 
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The results were as follows : 

Helative Fineness of Vadose and Deep Vein- Gold, 


A. Surface Samples from Nenthorn 
Gold-Field, Otago, N. Z 

B. From Deeper Levels of Nenthorn Dis- 
trict (the Bulk of the Gold was Held by 
Pyrite) 

No. 

Percent- 
age of 
Gold. 

Percent- 
age of 
Silver 

No. 

Percent- 
age of 
Gold. 

Percent- 
age of 
Silver. 

_ 

1 

91.85 

89 27 
90.43 
89.19 
92.01 
89.38 
91.46 
90.79 
90.07 
92.00 

8.16 

10.73 

9.57 

10.81 

7.99 

10.02 

8.54 

9 21 
9.93 
8.00 

1 

89.86 

91.43 

87.17 
90.45 
89.07 
92.01 

90.17 
88.75 
91.03 
90.30 

10.14 

8.57 

12.83 

9.55 

10.93 

7.99 

9.83 

11 25 
8.97 
9.70 

0 

2 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

9 

9 

10 

10 



Average fineness of 10 sample.?, 90.645 
per cent. Range of fineness, 89.19 
to 92.01 == 2.82 per cent. 

Average fineness of 10 samples. 90.024 
})er cent. Range of fineness, 87.17 
to 92.01 =■ 4.84 per cent. 


(\ Surface Sam|>leH from Tipperary, Trc- 
mlcr and Sminse (Jold Mining Companies 
All near Macetowu, Central Otago, N, Z. 


No. 

Percent- 
age of 
Gold. 

Percent- 
age of 
Silver. 


96.12 

3.88 


98.37 

6.63 


94.19 

5.81 


92.87 

7.13 


95.00 

5.00 


94.58 

5.42 


93.23 

0.77 


95.84 

4.16 


95.93 

4.07 


94.89 

6,11 



Average fineneaH of 10 Hatnples. 9L602 
per et‘nt. Range of iinenens, 92.87 
to 9()J2 3.25 per cent. 


D. From Deep Levels (lOOO to 1500 Feet 
Below Surface 1 in Tipperary and Premier 
Mines, Ma(‘etown. 


No. 

Percent- 
age of 
Gold. 

Percent- 
age of 
Silver. 

1 

95.39 

4.61 

2 

94.48 

5.52 

3 

91.87 

8.13 

4 

96.29 

3.71 

5 

93.06 

6.94 

6 

94.31 

5.69 

7 

93.80 

6.20 

8 

95,73 

4.27 

9 

98.90 

6.10 

10 

94.10 

6.90 


Average iinenesa of 10 samples, 94.293 
per cent. Range of fineness, 91.87 
to 90.29 --4.42 per cent. 

Note.— A sample taken from a bar of 
194 onnoes from deep levels of Ib’e- 
mier Gold Mining Oo. contained 
94.45 per cent. 


These analyses of 7G sainplcs go, on the whole, to prove that 
the average ftiicness of the gold in the vadose region is appro- 
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E. Surface Specimens from Richly Aurif- 
erous Lode m the Vicinity of the Dart 
River, North Gippsland, Victoria. 


No. 

Percent- 
age ot 
Gold. 

Percent- 
age of 
Silver. 

1 

91.87 

8.13 

2 

94.96 

5 04 

3 

93.('8 

6.92 

4 

92 00 

8.00 

5 

92.63 

7.37 

6 

94.73 

5.27 

7 

93.45 

6.55 

8 

95.01 

4.f9 

9 

94.91 

5.09 

10 

92.84 

7.18 

j 


Average fineness of 10 samples, 93.548 
per cent. Eange of fineness, 91.87 
to 95.01 = 4.14 per cent. 


F. Unoxidized Specimens from the Same 
Reef, Dart River, North Gippsland, 
Victoria 


No 

Percent- 
age ot 
Gold 

I’ercent- 
age of 
Silvei. 

1 

91 50 

8.50 

2 

90.43 

9.57 

3 

87.(,9 

12.31 

4 Note (a) 

96.28 

3.72 

5 

91.17 

8.83 

6 Note (b) 

84.64 

15.36 

7 

88.93 

11.07 

8 

95.03 

4.97 

9 

90.37 

9.63 

10 

90 80 

9.20 


Average fineness of 10 samples, 90.084 
per cent. Range of fineness, 84.64 
to 9{h28 = 11.64 per cent. 

Note (a). — Sample assayed consisted 
of arsenopyrite and pyrite. 

Notr (b). — Sample assayed composed 
chiefly of galena. 


G. Surface Samples from Bendigo Gold- 
Field, Victoria. 

H. Sampler from Deep Levels (1200 Feet to 
3000 Feet) of Bendigo Gold-Field. 


Percent- 

Percent- 


Percent- 

Peieent- 

No. 

age of 

age of 

No. 

age of 

age of 


Gold. 

Salver. 


Gold. 

Silver. 

1 

94.76 

5.24 

1 

93.08 

6.92 

2 

95.03 

4.97 

2 

95.04 

4.96 

3 

94.05 

5.95 

3 

94.(0 

6.00 

4 

94.27 

5.73 

4 

91 .27 

8.73 

5 

94.10 

5.90 

5 

94.30 

5.70 

6 

95.00 

5.00 

6 

94. 1 9 

5.81 




7 

9;5.il0 

(i.Ol 




8 

92.95 

7.05 




9 

92.37 

7.63 




10 j 

94.70 

5.30 

Average fineness of 6 samples, 94.535 

Average fineness of 10 samples, 93.586 

per cent. Range of fineness, 94.05 

per cent. Range 

of liiumm 91.27 

to 95.03 = ,98 per cent. 


to 95.04=: 3.74 per cent. 



ciably greater than in the deep circulation in the 8anu‘. tlisirict, 
and also that the vadose gold is considerably more regular in 
quality. 

It seems to be indicated that considerable solvent action must 
have been exercised by water percolating through the rodcs of 
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I Fainples from Vadose Region of Various 
Parts of Thames Distiict, N Island, N. Z. 


No. 

Percent- 
age of 
Gold. 

Percent- 
age of 
Silver. 

1 

C3.72 

36.28 

2 

79.34 

20 06 

3 

52.90 

47.10 

4 

57.^'9 

42.61 

5 

67.01 

32.99 

6 

59.98 

40 02 

7 

65.55 

34.45 

8 

73.07 

36.93 

9 

60. ('8 

39 92 

10 

51.19 

48.81 


Average lineness of 10 samples, 68.0‘?3 
per cent Eange of fineness, 51.19 
to 79.34 = 28.15 per cent. 


K. Samples from Deep Cii dilation of the 
Thames District. 


No. 

Percent- 
age of 
Gold. 

Percent- 
age of 
Silver. 

1 

63.76 

36.24 

2 

71.14 

28.86 

3 

59.93 

40.07 

4 

53 01 

46.99 

5 

64 25 

35.75 

6 

43.17 

, 56.83 

7 

06.98 

33.02 

8 

51.30 

48.70 

9 

69.04 

30.96 

10 

48.75 

51 25 


Average fineness of 10 samples, 59 133 
per cent. Kange of fineness, 43.17 
to 7 1.14 = 2. '.97 per cent. 


tlic vadoif^c region, as the denudation of the surface has gradu- 
ally lowered the water-level, converting the deep circulation of 
former times into the vadose of to-day. 

A)udjjscs of Vadose Covntry-Rocl^^ cte.^ at Different Distances from 
yiurifcrozis Lodes. 

At the hoginning of this chapter I have pointed out the im- 
portaiuio of separate rock-assays in the vadose region. It was 
rt^laiively ditticult to olitain good sami)les (other than surface- 
samples) of this class, because most of the mines are now deep, 
and the long cross-cuts ibrmerly run on upper levels into the 
(‘ounipy-roc.k are ahandoned and closed. The samples therefore 
(‘om])ris(‘ <‘hii‘Jly oxidizcMl roede from pretty near the lodes, and 
10 1o 100 feet below the surface, and surlace-samples taken at 
all dislaiUH'H from the lodes. Particular interest attaches to 
samples of (1) oxide of iron and manganese dep()site<l along 
h(Ml(ling-phuu‘s or IVadures; (2) solid rock as little altered as 
possilde by the action of percolating water; and (3) secondary*^ 
sulidiides, a])undant in the vadose region of many mines. 

* In calling tlicBO vadoHC HnlphidcH ^^Hecoiulary,^’ X mean that they Iiave 
ahly been formed throxigh the oxidisation of the Bnlpliidee of the deep circulation 
by Hurface-water, followed by a mlnclion of the Bulphates and re-pn;cipitation of 
the Hnlphid<‘H hy organic matter. I do not mean to nay positivedy that the huI- 
phidcH of the deep mm arc not, an many obaervers believe, alao Hceondary in this 
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The remarks on p. 665, covering the methods of concentra- 
tion and assay pursued with samples from the deep levels, 
apply here also. But concentration of an oxidized rock is 
much more diflBcult, because oxidation destroj^s the heavy sul- 
phides, and also liberates very finely divided gold, which there 
is danger of losing. Hence my results with vadose country- 
rock are not quantitatively correct. To minimize the probable 
error, the samples were not concentrated nearly as far as those 
from deep levels had been. 

Walhalla. — A good cross-section of the gold-bearing rocks of 
Walhalla is exposed along both sides of the Walhalla creek, 
where the clifls rise steeply from 300 to 600 feet. Analyses of 
specimens are given in Table XX. 

Ballarat — ^A deep cutting, about |-mile long, running E., 
across the strike of the rocks, from the summit of Sovereign 
hill, in this district, presented a good cross-section of the coun- 
try-rock near the surface. Table XXI. gives the result of 
analyses. 

Otago. — ^Examinations of country-rock from the deep region in 
Otago were confined to one district, Macetown ; but qiuirtz-rceis 
have been worked at various depths in difterent parts of the 
province; and vadose samples were taken from three other 
Otago districts besides Macetown, namely, Waipori, Xeuthoru 
and Saddle Hill. In every case the country-rock is either phyl- 
lite or mica-schist. Table XXII. gives the analyses of 13 sam- 
ples. 

Otago. — Samples from Districts Bemoie from Auriferous Lodes. 
— adose samples were also taken in Otago, far from any au- 
riferous lodes. Previous assays having shown that the nude- 
rials most likely to contain gold were the broken rock, iron 
oxide, etc., filling faultr-fissures, the samples were taken of such 
materials only. If all the mica-schists of the Otago gold-iield 
contained gold, some of it would be carried by percolating 
water into such crevices, and lodge there with the ferric oxide. 
The analysis of samples at a long distance from any auriferoua 
reef is specially interesting, since, as will be seen in the last three 

sense, that is, dne to the reducing action of carbonaceous matter upon Boluble sul- 
phates. This is Sandberger’s view {Untermchungj etc., YoL I., p. 21), Yet so 
far as my experience of the deep sulphides goes, it certainly favors the theory of 
their formation by the action on the silicates of metals of hydrogen sulphide, dis- 
solved in ascending water. 



THE GENESIS OE CERTAIN AURIEEROUS LODES. 


611 


tables, deposits of ferric oxide in the vadose region, even at a 
considerable distance from a reef, were nearly always auriferous. 

A good section of the favorable rock (the middle division of 
the foliated schists already mentioned), in which, however, for 
several miles, no gold-hearing reef has yet been discovered, is 
exposed by the “ Skipper’s ” road from Queenstown to Skip- 
per’s creek. This road is cut round almost vertical cliffs for 
several miles, on the north side of the Skipper’s range. Nine 
samples of broken rock and ferric oxide from joints, cracks and 
faulted country in these cuttings were analyzed with the results 
shown in Table XXIIl. 

Lake Wakatipu . — Fourteen vadose samples of little-altered 
Upper Devonian and Carboniferous rocks were taken from the 
w^estcru shore of Lake "Wakatipu. No gold was found in them. 
The examination is reported later on, under the head of “ Gold 
in Marino Sediments” (p. 615). 

OJuncDHin District, Thames . — The samples collected for me 
from the vadose region in the Ohinemuri district, in the south- 
ern part of the Thames gold-field, differ somewhat from the 
oxidized samples of other gold-fields. All those analyzed are 
highly altered andesites; and, in many cases, even when most 
oxidized, they contain much pyrite. This sometimes doubtless 
represents the pyrite found in the propylites of the deep region 
in this district; but, from the mode of its occurrence, I am in- 
clined to think the greater part of it is due to the oxidation of 
the older pyrite to feri'ous and ferric sulphate, and the subse- 
(pient reduction of such sulphates by organic matter. I have 
therefore called it “ secondary ” pyrite. (The bullion associated 
with it <lot‘s not carry tlic abnormally high percentage of sil- 
ver which was nolicnul in the bullion from the sulphides of the 
d<(('i> rc\giun — a iact which .should repay further investigation, 
and might throw important light upon the solution and re-pre- 
(upitation of gold and silver by natural agents.) Table XXIV". 
giv('S tlu', n>sults of the analyses of these samples. 

Jitunarks . — These e.xaminations show a striking difiercTiee in 
gold-contents between the vadose and the deep region of the 
same district. Diagrams 8 and 9 show this difference graphi- 
cally, in curves jdotted for the vadose samples and for samples 
from the deep region (900-foot and 1422-foot level) of the AXal- 
halla Long Tunnel mine. 
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In tlie deep region, as has been shown, gold was obtained 
only when pyrite was present in the rock; and when such py- 
rite occurred at a considerable distance from the reef, it ’was 
seldom gold-bearing. In the vadose region, on the contrary, 
the couiitry-rock ’s^^as found to be impregnated with gold to a 
much greater distance from the reef, and to a much greater 
degree. 

It is of course possible that some of the gold found in the 
yadose country-rock was carried into it mechanically by per- 
colating surface-water, and its presence may therefore be no 
proof of the solution and re-precipitation of gold. But in view 
of the positions from which most of the samples were taken, I 
think the results indicate that such solution and re-prccipitatiou 
have gone on to a considerable extent in the vadose region — 
the gold being in all probability derived from higher parts of 
the lode, which have long since disappeared through surface- 
detrition. 

Chapter YIL — The Origin of Gold in Stratified Dbi>osits. 

The country-rocks of nearly all the chief Australian gold- 
fields are more or less altered sedimentaries, originally deposi- 
ted in marine basins. Hence writers on the origin of the gold 
in the reefs have laid much stress on the pu-esenco of minute 
quantities of gold and silver in sea-water. The argument is 
briefly : 

Gold exists in sea-water. Paleozoic marine sediments there- 
fore contained gold, either mechanically entangled in them, or 
precipitated with them by organic matter, which undoubtedly 
existed in the ancient seas. These horizontal deposits being 
subsequently tilted and fractured, their gold and sih’-er W’ere re- 
dissolved by percolating ’w^ators and re-precipitated in the lodo- 
fissures wdiere they are now found. 

This has been the thesis of not a few ingenious speculations, 
backed sometimes by chemical equations, but not by chemical 
analyses. 

In 1851, Malaguti and Durocher announced the discovery 
of silver in sea-water, and made a quantitative estimation ot it, 
namely, 1 milligramme in 100 liters (or 0.165 grain per ton). 
But they did not report any gold. 
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In 1872, E. Sonstadt* discovered gold in sea-water from 
Ramsey Bay, on the coast of the Isle of Man. He did not de- 
termine the quantity, but said it was certainly less than 1 grain 
per ton. Strange to say, many writers who have used this dis- 
covery as a basis for theoretical speculation have represented 
Sonstadt as having found 1 grain per ton.f 

So far as I am aware, no attempt has been made to verify 
Sonstadt’s discovery, and to determine accurately the amount 
of gold in sea-water, or to test his statement that this gold is 
not precipitated by ordinary reducing-agents, by reason of the 
presence in sea-water of iodatc of calcium. J 

Methods of Detecting Gold in Sea- Water. 

Sonsiadt's Methods . — Sonstadt gave three methods for the de- 
tection of gold in sea-water, two of which he recommended as 
easily applicalde. In the first of these, 150 to 200 c.c. of sea- 
water is acidulated with hydrochloric acid, ferrous sulphate is 
added, and the water is concentrated by boiling. The film of 
ferric oxide found in the bottom of the dish is treated with 
chlorine-water, and the solution obtained is tested for gold widi 
tin chloride. In the second method, a small quantity of baric 
chloride is added to the sctvwater, and both gold and silver are 
found to be precipitated. 

The first inethod I tried upon water from the Pacific, at St. 
Clair head, near Dunedin, and obtained with tin chloride a dis- 
tinct (‘oloration, doubtless due to gold.§ But 1 found it im- 
])ossil)le to obtain beads of gold by fusing with borax and pure 
lead, as Honstadt directs. (This is not surprising, sin(*,e my 

^ “(hi the Presence of (iold in Sea-Water.’^ — CKcm. News, October 4, 1872, 
voL XXV L, p. 159. 

I' Thus Mr. Janies Park in his report on the Thames Gold-Field, already cited, 
says (p. <>5) : “Sonstadt was the first to show that every ton of sea-water contains 
a grain of gold.” A later writer, noting, perhaps, that Sonstadt found “less than 
a grain,” is very scrupulous, and (ixes the amount at 0.9 grain I 

.“1 Since my experiments were made, I have learned from Mr. Pickard’s paper 
on “ The Origin of the Gold-Bearing (Quartz of the Bendigo Reefs ” ( Tram^ xxii., 
308) that Munster has found gold in the sea-water of (.Ihristiania fiord, and has 
estimated the amount, 1 find also that Prof. A. Liversidge has estimated that 
the sea-water oil the coast of N. S. Wales contains 0.5 grain of gold to the ton. 
(Hee his paper, read before the N. S. W. Royal KSocioty, October 2, 1895, “On 
the Amount of Gold and Silver in Sea Water.”) 

I The experiment is more saecessful with the modification of the tin-cMoride 
test prepared by T. K, Rose [Ohmi. Wcw'w, Dec. 2, 1892, voL Ixvi, p, 271). 
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subsequent determinations would give, as tbe quantity of gold 
in 200 c.e. of this sea-water, less than 0.000012 grain.) The 
necessity of boiling makes this method unsuitable for the treat- 
ment of samples large enough to yield a weighable bead of 
gold. 

I therefore tried the precipitation with baric chloride. Son- 
stadt makes the remarkable assertion that in order to precipi- 
tate the gold, the baric chloride does not need to bo added in 
sufficient quantity to precipitate as baric sulphate all the solu- 
ble sulphates in the sea-water, but, on the contrary, that the 
amount added to a liter of sea-water need not exceed that, I'c- 
quired to form about 1 grain of precipitate. Baric sulphate 
being one of the least soluble of salts, this statement seems in- 
explicable ; nevertheless, I have been convinced, whatever bo 
the explanation, that Sonstadt’s method is as effective as if the 
whole of the soluble sulphates were precipitated as baric sul- 
phate. 

He explains the precipitation by baric chloride by supposing 
the gold to be present as an aurate. To tCvSt this question, 
artificial sea-water was prepared, and the aurate of potassium 
was added to it. Subsequent treatment with baric chloride 
precipitated no gold. The experiment was repeated, with the 
same result. 

It seems unlikely, therefore, that the gold exists in sea-water 
as an aurate. I confess that I can form no concepiion ot* its 
state of combination. The subject would repay a more thor- 
ough investigation. 

The Authofs Method . — ^Tlaving been led, l)y eviden(‘c which, 
I wall not here repeat, to doubt whether the precipitation with 
baric chloride was complete, I tried a dittbrent one, wliieh, if 
successful at all, wmuld certainly precipitate all tlie gold prH^s(‘nt. 
All ordinary salts of gold are reduced to the nietallii! state by 
moderate heating. Applying this principle first to an ari-ilicial 
solution, I added to 112 pounds of artificial sea-waihu’®*' ten 
times as much calcic iodate as Sonstadt found, and a solution of 
auiie chloiide in sodium chloride, containing 0.005 grain of gold, 
so that the w^ater would contain 0.1 grain of gold per ton. This 
solution wuis allowed to stand in a dark place for a week, that 

* Prepared according to the analysis by Boscoe and Schorlenxmor. 
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the gold might have time to form possible new combinations. 
The whole was then evaporated ; the mixed salts (over 4 pounds) 
were heated dull red and lixiviated with water ; the insoluble 
residue (123 grains) was fused with borax and pure litharge, 
and 0.0043 grains of gold was obtained. The experiment was 
I'epeated, the gold being added as an iodate, dissolved in excess 
of potassic iodate; and in this ease 0.0052 grain of gold was 
recovered. (The slight excess may have been due to a small 
particle of the cupel remaining in the button. It was not due 
to silver in the litharge.) 

The method was then applied to actual sea-water ; only the 
sample wuis doubled in weight, to allow for the smaller propor- 
tion of gold. The mixed salts (about 8 pounds) resulting from 
the evaporation of 0.1 ton of sea-water were heated dull red 
and lixiviated, and the residue (principally sand, with a little 
oxide of iron) was fused and cupelled as before. The w^eight 
of pure gold obtained from 0.1 ton of sea-water was, in the first 
experiment 0.0065, and in the second 0.0071 grain. In both 
cases, the prill contained absolutely no silver. 

TIic following table summarizes the experiments above de- 
scribed : 

Dctermi^mfiojis of Gold in Sea- Water. 


Method. 

Sea- 

water, 

Gold Ob- 
tained 

Gold per 
Ton. 

1. HonstiidPs (kiric chloride) : ‘ 

a. All sulphates precipitated 1 

h. Small proportion of sulphatos pro- ) 
eipituted \ 

2. Evaporation and reduction of gold in f 

residue by heatiu<? \ 

Average per ton 

Pounds. 

224 

112 

224 

224 

224 

224 

Grains. 

0.0051 

0.0038 

0.0074 

0.0078 

0.0055 

0.0071 

Grains. 

0.051 

0.076 

0.074 

0.078 

0.055 

0.071 

0,071 





I hav<‘ said nothing concerning the silver in sea-water. Pre- 
cipitation by baric chloride certainly saves some silver, but only 
about onc-fotirth as much as was reported l)y Malaguti and 
Durocher. Probably the precipitation is not complete. 

The Preripitatmi of Gold in Ilarive SedimeMfs. 

Biiu‘e gold exists in sea-water, it seems reasonable to believe 
that it is precipitated at the present time l)y natural reducing- 

VOL, XXVII. —41 
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agents. Those winters who trace the metallic contents of lodes 
to metals dissolved in sea-water assume, indeed, that such a pre- 
cipitation is eonstantiy going on ; but experimental proof of 
this assumption is lacking. I have .attempted to investigate 
the questioxi in two ways : 

1. By the examination of coast-sediments, now being depos- 
ited under conditions favorable to the reduction ot gold from 
the sea-water. 

2. By the introduction into sea~water of reducing-agents such 
as naturally occur along the coasts at the present time, and a 
subsequent examination for precipitated gold. 

Examination of Coast-Sedan ents.— To secure trustworthy re- 
sults, the whole of the drainage-basin to the erosion of which 
the sediments are due should consist of non-auriferous rocks, so 
that we may be sure that any gold detected did not come from 
the land. Otago Harbor, on the upper part of which Dunedin 
is located, Ksatisfies this requirement. The Leith and other 
small streams entering the harbor flow wholly throiigli basic 
Tertiary volcanic rocks which contain no gold. At the same 
time the shores arc more or less covered with tiinl)or, so that 
organic matter is abundant in the sediments of the streams. 
The volcanic rocks contain much iron. Beds of liematite and 
limonite abound along the shores. The conditions t‘or ilu‘ re- 
duction of gold from sea-^vater are thorefoi^e very favoi^able. 
Besides organic matter, there is sulphide of iron, produced by 
the action of the sulphates in sea-water upon iron salts, forming 
sulphate of iron, reducible to sulphide by organic mutter. (As 
will be seen, some such action does in fact take place. In every 
case the concentrates contained insoluble sulphides.) 

Analyses were made of mud and vsilt from dillereut parts of 
Otago Harbor, where the circumstances seemed most favorable. 
In each case, from 1 to 2 hundredweight of the silt was eare- 
fully panned oft‘, till a residue of about 1000 grains was left. 
This residue consisted chiefly of magnetite, augitc and horxi- 
blende, derived from the volcanic rocks of the coast. The per- 
centage of sulphur (insoluble sulphides) in the coiuamtrate was 
determined upon a small portion, and tlio remainder was roasted 
(giving in evei’y ease a strong reaction of Bulphur dioxide' 

* When the magnetite \va« removed by means of a inugnet, the remaituler did 
not sliow, under the microacopc recognizable crystals of pyrite ; bat the pr(‘Hence 
of pyrite was certainly proved by roasting, and by the sulphur-determinatum. 
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The roasted material was then assayed. The details of four 
assays are given in the following table : 


Examination of Marine Sediments, 


Sample. 

Concentrates. 

Sulphur 
in Non- 
Magnetic 
Concen- 
trates 
Per cent 

Gold 

Obtained 

Total 

Grams 

Extracted 
by Mag- 
net 

Grams 

a 

438 

365 

12.38 

Nil. 

h 

lb78 

916 

7.03 

a 

c 

875 

418 

16.19 

i c 

d 

586 

307 

4.61 

it 


a. Over 1 cwt. of blsick mud, containing much organic matter, from Upper 
Otago Harbor, taken at low tide near Logan’s Point. 

h. About 2 cwt. of black mud, containing much putrefying organic matter, from 
tlie upper harbor, near the outlet of a main sewer. 

c. Over 1 cwt. of silt from Pelichet bay, where a small stream of highly ferru- 
ginous water runs into the bay from a bed of hematite. 

(1. About 1 cwl. of silt from the upper end of the harbor, near the outlet of a 
main sewer from South Dunedin. It contained much decomposing organic matter. 

/ 

Examiimtion of Wood That Had Been Lying Under Sea- 
Wafer for a Long Time. — Twelve siiniples of wood, which had 
hoou buried Tiiaiij years under sea-water and mud in Otago 


Analyses of Wood /or Gold. 


Sample. 

Description. 

Weight 

Burned 

Pounds. 

Kcsults 

a. 

Kauri plank, which had lain in Dunedin harbor 
at least 1 5 years. Other parts much decomposed. 

12 

Nil. 

Ik 

Pine plank from C-atlin’s estuary, east coast of 
Otago. Part of a ship wreeketi 20 years ago. 

20 

t c 

i\ 

Itenmunt of manuka pile from Otago harbor. Un- 
der water 20 years. 

12 

it 

(L 

Do., the decayed part. 

10 

U 


Part t>f a pile from the Vauxhall baths, Ander- 
Hou’s hay, Otago ; in the water 30 years. 

18 

(C 

/• 

Driftwood embedded in the mud at Madagascar 
beach, west c'OJist t>£ Otago. 

16 

a 
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Harbor and elsewhere on thel^ew Zealand coast, were analyzed 
for gold. In each case from 10 to 30 pounds of the wood was 
burned, and the ashes were fused Avith pure litharge. 

The results are given on page 617. 

Attempts to Precipitate Gold from Sea- Water, 

Those experiments were confined to such natural reducing- 
agents as might naturally occur along the coast at the present 
day, namely, sulphides of iron (chiefly formed by the reduction 
of the sulphates of sea-water in the presence of iron salts), and 
carbonaceous matter of various kinds. 

To make a suitable filter, an earthenware pipe 4 inches in 
diameter and 1 foot long was closed at the ends with strong 
cloth. ISText the cloth was placed a loose plug of asbestos, 
about 2 inches in thickness, wrapped in linen, and the middle 
part of the pipe was filled with coarsely broken earthenware, 
with which the reducing agent was mixed. The reducing- 
agents used were animal charcoal, wood-charcoal, soot, and sul- 
phides of iron, copper and lead — ^the latter being prepared by 
precipitating sulphates of iron and copper and the nitrate of 
lead, in order to make sure that they should contain no gohl. 

Pelichet Bay is separated from the upper reaches of Otago 
Harbor by an embankment, in which an opening a])out 20 feet 
wide has been left. Through this passage the seui runs with 
considerable force at most states of the tide. The ai)paratus 
above described was fixed beneath the bridge which spans this 
opening, so that both the ebbing and the flowing current might 
pass through it. The filter was kept thus immersed ibr periods 
varying from one to two months. The roducing-agenhs wiu'c 
then taken out, roasted and assayed. 

« The results are given on page 619. 

A very large quantity of sea-water must have passed through 
the apparatus in each of the above cases, l)ut there was no way 
of estimati]ig it with precision. In view of the negative results 
of all the experiments, an attempt was made to precii)itate gold 
and silver from a measured quantity of sea«watcr, Ten thou- 
sand grains of artificial sulphidcwS of iron, copper and lead, •witli 
animal charcoal and wood-cliarcoal — all in fine powder— w(‘rc 
mixed in a barrel with 60 gallons of sea-water taken from the 
Pacific Ocean at Tomahawk Head, near Dunedin. The re- 
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Experbnents in Reducing Gold from Sea- Water. 


Expen 

meiit. 

Reducing-Ageiit. 

Remarks. 

Gold 

Found. 

a. 

Animal cliarcoal, in fine pow- 
der. 

The greater part of the ani- 
mal charcoal had been 
washed through the filter. 
The remainder was as- 
sayed. 

Nil. 

b. 

Mixture of pounded charcoal 
and soot 

The smaller particles washed 
away. Charcoal remained 

li 

c. 

Animal charcoal in lumps. 


u 

<L 

Sulphide of iron. 

The sulphide was much oxi- 
dized ; the whole apparatus 
being coated with ferric 
oxide. 

(C 

e. 

Sulphide of lead in lumps. 

V ery little altered. 

u 

/• 

Sulphide of copper in lumps. 

Carbonate of copper found in 
the asbestos filter and other 
parts of the apparatus. 

( i 

9- 

Alixtnre of animal charcoal, 
soot, sulphide of lead, sul- 
phide of copper and sul- 
phide of iron. 

Very little oxidation, even of 
the artificial sulphide of 
iron, was noticed. 

(( 


(lncinj>;"-ai»;Guts wci^c stirred in the water for half an hour, and 
the sediment was allowed to settle for some hoxirs. The clear 
water ahove was then decanted off, and the l)arrel was again 
filled. This oi)eration was repeated fourteen times in the same 
harrel, or until over 4 tons of s(Ki-wator had hecn treated. The 
sediment was then collected and roasted at a dull red heat, to 
imfinerate the (*har(X)al and get rid of the sulphur. On assay- 
ing ihe residue^ no gold was obtained; but the result was a 
bead of \)\m) silver weighing 0.0014 grain. I cannot say eer- 
taiuly whether this silver (which contained no gold) came from 
tlu‘. sea-water or fi‘om the litharge used. I do not think the 
latter. If it came from the sea-water, however, it is note- 
worthy that the amount from 4 tons represents only 0.00035 

* After the firHt two atteiuptn the rcducinj^-agents were pnt in, not as powder, 
but in honpB from | to idach in diameter, it having been found that the strong 
current carried the finer atufT through the asbestos filter. 
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grain per ton, or one five-hundredth part of the quantity found 
in sea-water hy Malaguti and Durocher in 1851. 

All my experiments have thus signally failed to show any 
precipitation of gold (and have practically failed as to silver) 
from sea-water by natural reagents. So far as they go, they 
lend no support to the theory that the deposition of gold and 
silver hy such reagents in marine sediments is now going on. 

If such deposition had been the rule in former periods, and 
if this be the origin of the gold in stratified formations, why 
should only a comparatively small proportion of such formations 
be traversed by auriferous veins ? This point has not escaped 
the attention of Posepny.* It seems to me that important evi- 
dence may be drawn from the examination of stratified rocks 
known to be consolidated marine sediments, but the lodes in 
which have not proved auriferous. Table XXIII. gives an ex- 
amination of nine samples fi'om Skipper’s Road, east of Lake 
Wakatipu, Otago, an area in which the rocks arc known to be- 
long to the middle division of the foliated mica-schists (the fa- 
vorable country-rock for gold in Otago), but in which no auril- 
erous reefs had hitherto been discovered. Only those parts (>.//. 
fillings of veins and seams, etc.) particularly favorable to the 
deposition of gold wore examined, but no gold was found in 
any of the samples. 

A second series of examinations was made on samples Iroin 
the west shore of Wakatipu lake, which is largely occupied by 
rocks of the maitai (Carboniferous) and the To Anau (Ul>p<u‘ 
Devonian) series. These rocks (mostly sandstoncvs and slai(‘s) 
are undoubted marine sediments, but no gold has been found 
in this area. 

If the gold of the lodes in the foliated mica-schists east of 
this lake was originally deposited from sea-wator and has siiu*e 
been collected by lateral segregation, it is difficult to under- 
stand why gold should not have been deposited in the murine 
sediments w^est of the lake also. 

I therefore examined 16 samples of quartz, ferric oxid(^, eiv., 
from the two series above named, where they are exposed north 
and south of the Greenstone river. There wmro 4 sam^^les ol‘ 
fine-grained blue slate ; 6 of ferric oxide from joints anti fm- 

* Genesis of Ore-BepositSj Trans., xxiii., p. 307. 
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surcs; 4 of small qiiartz-veius, none of wliicli contained sul- 
pliides; 2 of slate containing large crystals of pyrite, amount- 
ing in weiglit to 254 grains for the two samples. 

No trace of gold or silver was found in any of these samples. 

Chapter VIIL — Summary op Results. 

[The reca})italation of the various results recorded in the 
preceding cliapters is here omitted, to save space.] 

Bearhuj of these Ttcsults on the Origin of Auriferous Lodes, 

When T hegan this work, seven years ago, I was strongly 
inclined to believe tliat the lateral-secretion theory afforded 
the most reasonable explanation of the origin of auriferous 
deposits in these colonies; but, as the result of each series of 
examinations appeared, I was forced to the following conclu- 
sions: 

If any reliaiu‘e can be placed on the examinations detailed in 
the foregoing chapters, they seem to indicate that the gold of 
many lodes t)f the chief mining districts of New Zealand, Vic- 
toria and (iueensland is due not to lateral segregation from the 
adjacemt country-rock, but to solutions ascending from some 
rock deeper than any now exposed at the surface in any part of 
these colonies. 

I am not concerned with the (piostion wdiether this source is 
the vague l)arysphcre,^'’ with its somewhat apocryphal con- 
tents of heavy mentals. I have Bimj>ly to note that a sei'ies of 
laborious and careful examinations has failed to tind it in the 
rocks of th(^ ‘Milhosphere.” 

What may be the value of these investigations in the study 
of tlu‘- general (piestion of the origin of orc-deposils I leave 
tlu^. readc'r to judge, being myself content to (piotc the opinion 
ol‘ Prof Hielzner, ol‘ Freiberg, no mean investigator of that 
larger (piestion, that 

E{U‘h inon'nse of otir poMitivc knowledf^c of the rnlnrc and mode of orij^in of 
ore denoHitH, ea<‘h (^xplaiiaiion of any qucBtion connected with Kuch depoHits or 
with tlu‘ir uHHoeiated eountry-rockH, is a. distiuet gain, not only to scieiK'e, hut also 
to mining practice.”^ 


^ Concluding Hcutencc of Die LntcndHeeretbmihcorie, by A. W. titid/an'r. 
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Table I . — Analyses of Country-Rock from Deep Levels. New 
Chum Railway G. M. Co., Bendigo, Victoria. 


Sample, 

Distance from 
Shaft 

Distance from 

Reef 

Weight Examined. 

Weight of Concen- 
trates Obtained. 

Weight of Concen- 
trates ol Specific 
Gravity above 3.18. 

Percentage of 
Sulphur. 

Peiecutage of 
Caiboii 

Weight of Gold 
Obtained 

Yield of Gold per 
Ton ol Couiilry- 
Rock. 


Feet 

Feet. 

Lbs. 

Grams 

Grams. 



Grams 

Grams. 

a 

At shaft. 

277 

4.48 

240 

76 

0.06 


Nil. 

Nil. 

b 

It) 

261 

4.48 

364 

42 

0.04 

0.68 

a 

a 


37 

240 

4.48 

180 

61 

0.09 


u 

ct 



d 

59 

218 

4.48 

424 

265 

0.57 

1.46 

.0017 

0.85 

p, , 

84 

193 

4.48 

356 

112 

0.24 


Nil. 

Nil. 

r 

103 

174 

4.48 

180 

27 

Trace 

0.06 


iC 


127 

150 

4.48 

456 

312 

0.63 


a 

it 

f 

145 

132 

4.48 

630 

418 

0.86 

L32 

Gold 










button 










lost. 


¥ 

145 

132 

2.24 

250 

197 

0.86 

1.32 

.0001 

0.4 


167 

110 

4.48 

164 

26 

Trace. 


Nil. 

Nil. 



179 

98 

4.48 

212 

38 



a 

a 

i 

191 

86 

4.48 

185 

38 

n 


ic 

ti 

1 

192 

85 

4.48 

378 

216 

0.54 

Nil. 

.0016 

0.8 

m 

192 

85 

4.48 

643 

498 

1.03 

< i 

.0023 

1.15 


a. Fine-grained sandstone. No sulphides visible with a hand-lens Ct)neen- 
trates contained a very small quantity of sulphides. 

b. Fine-grained sandy slate. Pyrite in minute cubes, very si)aringly distributed 
throughout the sample. Concentrates contained a small (piantity of sul- 
phides. 

c Sandstone somewhat coarse grained. No sulphides visible. Concentrates 
contained only a trace of sulphides. 

d Fine-grained, comparatively soft, dark-blue slate, from the vi(‘inity of a 
small slide, showing pyrite and blende sparingly with a hand-lens. Coiu'entrates 
showed some pyrite and blende. 

e. Very hard, fine-grained sandstone. Pyrite in large cubes visible in the sam- 
ple. Concentrates contained a good percentage of pyrite 

/. Very hard, fine-grained light blue slate; very distinct cleavage; no trace 
of sulphides. Concentrates contained a trace of sulphides. 

g. Kather coarse-grained sandstone, with cubes of pvrite, in one ease 15 mm. in 
diameter. Concentrates nearly all pyrite. 

h. Fine-grained dark-blue slate, with a small quantity of pyrite and bUmdi^ visi- 
ble with a hand-lens. Concentrates showed a good quantity of pyrite and blende. 

S'ame as above. 

i. Very hard, fine-grained sandstone. No sulphides visible. Coucentrates con- 
tained no sulphides. 

j. Same as i 

k Same as i. 

I Fine-grained slate from both sides of a slide, or slight fault, sliowing 
pyrite in small quantity. The sample included a little ‘^pug’’ from the slule. 
Concentrates nearly all pyrite. 

m. Fine-grained slate from both sides of a slide,” or slight fault, showing py- 
rite in small quantity. The sample included a little “pug” from the Hli<ie. 
Concentrates contained a good percentage of pyrite and blende, with a little galena. 

In the case of samples marked ‘^the whole of the sample left after concentration 
was assayed after the concentrates had been examined. 
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Table I. — Concluded. 



B 

a 

n3 

0) 


H oil 


o 

2 

tit 



2 

o 

tin . 

Ss 

a 

(S 

c S 
oS 


5^:3 

o . 
bca 
ca o 

O'® 

B 

o « 

th 


dJ 

% 

B 



W 

oO 

■as 

o's ^ 

c a 

5^ 

Ss 

go 

OJ 


c qJt; 

2 a 


a 

UJ 

ft 

S 

P 

‘S g 

15= 

P^ 

Ph 


o o 



Feet 

Feet 

Tjbs. 

Grains. 

Grains. 



Grains 

Grams. 


n 

214 

63 

4.43 

387 

266 

0.58 


.0027 

1.35 


0 

230 

47 

4.48 

078 

429 

0.90 

0.56 

.0017 

.85 


P 

250 

27 

4.48 

547 

392 

1.02 

0.68 

.0034 

1.7 


q 

205 

12 

4.48 

1140 

674 

1.66 

0.89 

.0043 

2.15 


T • ...... 

271 

0 

3 

4 48 
4.48 

146 

32 

Traces 

1.98 


Nil. 

Nil. 

3.25 


s 

274 

1240 

827 

2.64 

.0065 


t 

270 

1 

4.48 

1627 

1016 

2.10 

4.50 

.0132 

6.6 


%L 

276 

1 

4.48 

1518 

1142 

1.87 

6.34 

.0089 

4.45 











- oz. dwt. 

gr 

%D y ... 

277 

From 

3.50 



3.43 

2.16 


I 2 16 

1 1 ^ 

5 

11 



the Kcef 





^ 1 15 

13 


n. Fine-grained Haiulstono with pyrite in large crystals and a little blende. 

0 . Dark blue carbonaceous slate with pyritc, arseuopyrite and blende in fair 
quantity. Concentrates mostly pyrite and blende. 

p. Same as o. 

q. Same as o. 

r^. Fin e-^>'ra in ed sandstone. No sulphides visible. Concentrates contained only 
a trace of sulphides. 

Hard, dark-blue earbouaceous slate, showing pyrite freely, with a little blende. 
( ■oneentrates obtained nearly clean sulphides. 

f. Dark-colored casing-slatc'of the lode (almosibhutkin color from carbonaceous 
matter), showing a, large <pinntity of pyrite, with a little blende and galena Con- 
centrates nearly clean sulphides. 

u. Same as t. 


r. 


w. 


j. 


} 


Tjuminated (piartz (lamime due to carbonaceous matter from the walls), 
glunving pyrite, blende and galena. Not concentrated. 


In the (‘ase of samples marked * the whole of the sample left after concontration 
was assayed after the concentrates had been examined. 
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Table II. — Aval>jses of Comtry-Rock from a Cross-Cut at the 
1180- XmZ, South St. Muvgo G. M. Co., 

Bendigo, Victoria. 


Sample. 

Distance from 
Shaft. 

Distance fiom 
Reef. 

Weight Examined 

Weight of Conern 
trateh Obtained. 

Weight of Concen- 
trates of Speciiic 
Gravity above 3 IS 

Percentage of 
Sulphui 

Percentage of 
Carbon 

Weight of Gold 
! Obtained 

Yield of Gold pei 
{ Ton ot Couiitry- 
Rock. 


Feet 

Feet. 

Lbs. 

Grains. 

Gi ains 



Grams. 

Grams. 



128 

4.48 

316 

36 

0.015 


Nil. 

Nil 


Shaft. 







h 


117 

4.48 

468 

213 

0 52 


a 

ee 

c 

20 

108 

4.48 

314 

139 

0.31 


a 

C { 

d 

34 

94 

4.48 

275 

Nil. 

Trace. 


IjosI. 

Lost. 

e 

53 

75 

4.48 

672 

246 

0.73 

0.08 

Nil. 

Nil. 

y* 

67 

61 

4.48 

416 

28 

002 

Nil. 

a 

( i 

g 

78 

50 

1000 grs 



0.06 

a 


a 

h 

93 

35 

4.48 

746 

394 

0.95 

Trace. 

.0017 

0.85 

i 

112 

16 

4.48 

264 

98 

0.19 

1.06 

Lost. 

Lost. 

j 

124 

4 

4.48 

786 

493 

1.06 

1.38 

.0073 

3.65 

k 

128 

Foot- wall 

4.48 

548 

391 

0.75 

4.91 

.0124 

6.2 



of reef. 








1 

137 

In reef 30 

1C 00 grs. 



Nil. 

Nil. 

.0012 

18.8 



feet wide. 








?7l 

138 

C i 

1000 grs. 



.016 

Nil. 

.0113 

6.7 


149 

Hanging- 

4.48 

216 

81 

0.19 

Trace 

Nil. 

Nil 



wall of 










reef. 









a. Hard, light-bine sandstone, no snlpliides. Contained a quartz vein }-inoh 
wide. Concentrates contained only a trace of sulphides. 

b. Hard, gray sandstone, showing large cubes of pyrite. Concentrates contained 
a good percentage of pyrite. 

c. Same as above. 

cL Fine-grained gray slate, showing no sulphides. Concentrates contained very 
little pyrite. 

e. Fine-grained dark -colored slate, showing small crystals of pyrite. A quartz 
vein ^-inch wide ran through the slate. Concentrates contained a good ptuvent- 
age of pyrite. 

./ Moderately coarse-grained hard sandstone. FTo trace of sulphides, (bneen- 
trates contained very little pyrite. 

g. Quartz leader 2 inches wide in sandstone ; clear white quartz, showing no 
sulphides. All assayed. 

h. Fine-grained slaty sandstone, with large crystals of pyrite, in some (Mines 10 
mm. in diameter. (. onoentrates contained a good proportion of pyrite, blemle and 
galena. 

'L Dark-colored fine grained carbonaceous slate, sbowing a very little pyrite. 

j. Same as above. Concentrates consisted mostly of snlphides.’^ 

k Carbonaceous slate-casing on foot-wall of reef, with a vein of pyrite about 0 
mm. thick running through part of the sample. Concentrates consisted mostly of 
sulphides. 

l. Clean, white, vitreous quartz, with no trace of sulphides. All assayed. 

m. Clean, white, vitreous quartz, with small proportion of pyrite and a few 
crystals of blende and galena. All assayed. 

n. Hard, gray slate. No visible sulphides. 

In the case of samples marked * the whole of the sample left after concentration 
was assayed after the concentrates had been examined. 
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Table TIL — Analyses of Countrij-Rock from Cross-Cut 302 Feet 
Fast at the QIQ-Foot Levels South St, Mimgo G. M, Co,, Fen- 
digo, Victoria, 


Sample. 

Distance from 
Shaft. 

; 

Distance from | 

Reef. 

Weight Examined 

1 

Weight of Concen- ' 
tiates Obtained 

Weight of Concen- 
trates of Specific 
Gravity above J.18. 

Percentage of 
Sulphur 

Percentage of 
Carbon. 

Weight of Gold 
Obtained. 

Yield of Gold per | 
Ton of Country- 
Rock. 


Foot. 

Feet. 

Pounds. 

Grams. 

Grams. 



Grains. 

Grains 

<x 

From 

42 

4.48 

212 

48 

Trace. 


Nil. 

Nil. 


Shaft, 









h 

48 

90 

4.48 

316 

66 

it 


it 

ti 

e 

75 

117 

1000 grs. 


it 


it 

it 

d 

119 

161 

4.48 

716 

342 

0.47 


.0003 

0.15 

c’X 

17{> 

218 

4.48 

205 

116 

O.IS 


Nil. 

Nil. 

f 

240 

288 

4.48 

182 

46 

TrncG. 


a 

it 

q* 

302 

344 

4.48 

210 

94 

0.24 


it 

it 


a. Hard, fine-js^rained sandstone. No visible sulphides. Concentrates contained 
very little pyiite. 

b. Same as a, 

<?. White letuler of <piartz, 3 inches wide, iu hard sandstone country, showing 
no sulphides. All assayed. 

d. Hard, line-grained sandstone, with largo crystals of pyrite, 8 mm. in diameter. 
(Concentrates contained good percentage of sulphides. 

<*. Hard, dark-gray slate. No visible sulphides. Concenti'ates contained very 
little })yrite. 

/ Hard sandstone with aniall, clear, white vein of quartz aboxit i-inch wide. 
No Hulpliides visible. (Concentrates contained very little pyrite. 

(j. Same mf. 

In the (‘.ase of samples marked ^ the whole of the sample left after concentration 
was assayed after concentrates Jiad been examined. 



626 


THE GENESIS OE CBBTAIN AURIFEROUS LODES. 


Table TV. — Examination of Samples from the Prince Regent 
G. M. Co., Ballarat East 
A. Country-Rock. 


Sample. 

Distance from 
Indicator. 

Weight Examined 

Weight of Concentrates. 

Weight of Concen- 
trates of Specific 
Gravity o\ cr 8 18 I 

Yield of Gold. 

Yield of Gold per 
Ton. 


Feet. 


Grains 

Grains. 

Grains. 

Grains. 

a .... 

20 East. 

4.48 

165 Ho sulphides. 

28 

Hil. 

Hil. 

6 .... 

14 

4.48 

217 

35 

it 

C ( 

c .... 

10 “ 

4 4S 

194 

83 

a 

It 

d... 

4 West. 

4.48 

370 With a little pyrite. 

210 

.007 

0.35 

e .... 

16 

4.48 

116 Ho sulphides. 

24 

Hil. 

Hil. 


25 

4.48 

136 

49 

ii 

a 


Distance 







from. Mundic 







Slate. 






g.... 

16 West 

4.48 

212 

53 

ct 

It 

A.... 

33 

4.48 

327 With a good percentage of 







pyrite. ^ 

205 

a 

tt 

i .... 

68 “ 

4.48 

173 Ho sulphides. 

32 

cc 

it 

j .... 

120 

4.48 

417 With a good percentage of 



tt 




pyrite. 

230 

( { 



а. Hard, solid slate, showing no sulphides. 

б. Slate, showing no sulphides. 

c. Sandstone, showing a little pyrite. 

d. Solid, fine-grained slate near a quartz-vein crossing the Indicator ; showed a 
very little sulpliide. 

e. Solid slate, showing no pyrite. 

/. Solid sandstone from a stratum 0 inches wide ; showed no pyrite. 

g. Solid slate from the middle of a C-foot stratum of slate. 

h. Solid sandstone showing a little pyrite in large cubes. 

i Hard, solid slate from band 9 inches wide between two sandstone beds. 
j. Solid sandstone, showing a little pyrite in largo cubes. 
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Table IV. — Concluded. 

B. Pug, Etc., From. Fault-Lines. 


Sample. 

o 

fi 

Weight Examined. 

Weight of Concentrates. 

Weight of Concen- 
trate'? of Specific 
Giavity over 3 18 

Yield of Gold 

Yield of Gold per 
Ton. 


Feet. 

Lbs 

Grams 

Grains. 

Grams 

Grs. 

1 

630 

2.24 

673 With a fair percentage 
of pyrites. 

218 

0.0158 

15.8 

2 

a 

1.12 

416 Nearly all pyrite. 

309 

0.013 

26 

3 

a 

2.24 

433 With a good proportion 
of sulphides. 

289 

0.0062 

6.2 

4 

u 

2.24 

248 Showed a little pyrite. 
490 Nearly clean sulphides. 

117 

Nil. 

Nil. 

5 

(( 

1.12 

313 

0.0075 

15 

() 

From 77('-foot 
Level. 

2.24 

676 do. do. do. 

448 

0.0113 

11.3 

7 

( ( 

2.24 

879 do. do. do. 

216 

0.010 

10 

8 

it 

1.12 

256 Nearly all pyrite. 

190 

0.0009 

0.45 

9 

( i 

2.24 

134 Nearly clean pyrite. 

98 

0.0176 

17.6 


1. From a .slide or ‘‘ back ” 2S feet W. of tlie Indicator: “ png ” or clay, colored 
tlai’k by a large (piantity of carbonaceous matter. 

2. The same, from the same slide higher up : stilt bluisli clay, with large crystals 
of pyrite and a little galena. 

2. broken slate, “])Ug’’ and (piartz from a slide or ‘H)aek,’’ 10 feet E. of the 
mnudic slate ; sample showed a little blende and a fair quantity of pyrite. 

4. Broktm country-slate, sandstone and quartz from an extensive fault 90 feet 
W. of the mundic slate. 

5. “Fug” from a slight fault, against which the quartz-veins terminated, 15 
feet W. of the mundit*, shite. Showed a large (xuantity of pyrite, with scattered 
crystals of galena and blende. 

(). “ Pug” and broken slate and sandstone, with quartz-veins, from an extensive 
fmilt which threw the Indicator about 40 feet to the W. Sample showed a large 
proportitm of eaihonaceous matter, with a little ])yrite and galena. 

7. From the same sample, luigher np in the drive. 

<S. From a slide to the W. of a vein crossing the Indicator. Sample taken 20 
feet W- of the Indicator : qnartz-vein, witli pyrite and much dark carbonaceous 
matter. 

9, From a. slide 1(> feet E. of the Indicator, consisting of blue “ pug,” showing 
a little pjadte and blende. 
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Table V . — Analyses of Covntry-Rock from Deep Levels, Northern 
Star G. M. Co., Ballarat ^Yest. 


Sample. 

Distance from 
Shaft. 

a 

g's 

P 

CQ 

s 

Weight Examined 

Weight of Concen- 
tiates. 

Weight of Concen- 
ti ates of Specific 
Gravity over 8 18 

Percentage of 
Sulphur. 

Yield of Gold. 

Yield of Gold per 
Ton of Conntry- 
Rock 


Feet 

Feet. 

Pounds. 

Grains 

Grains 


Grains 

Grams. 

a 

0 

100 

4.48 

253 

48 

0.002 

Nil. 

Nil. 

b 

37 

63 

4.48 

416 

50 

0.017 

.0002 

0.1 

c 

81 

19 

4.48 

378 

89 

0.035 

.0004 

.2 



92 

8 

4.48 

210 

23 

Nil. 

Nil. 

Nil. 

e 

99 

1 

4.48 

1217 

876 

1.46 

.0071 

3.55 


100 

“Guid- 

1000 grs. 



2.8 


314. 

J 

ing Star” 









lode. 








104 

0 

4.48 

586 

347 

.37 

.0036 

l.S 


131 

27 

4.48 

216 

49 

Trace. 

Nil. 

Nil. 

i 

174 

70 

4.48 

315 

42 

u 

a 

ii 


216 

112 

4.4S 

842 

194 

.37 

u 

a 


216 

112 

1000 grs 



Ti'ace. 

u 

ti 

L 

278 

174 

4.48 

624 

416 

.62 

iC 

it 



336 

232 

4.48 

817 

46 

.02 

it 

it 

9^ 

399 

295 

4.48 

426 

240 

.41 

.0013 

0.65 


a. Hard, fine-grained sandstone with vein of white quartz A -inch wide. No 
sulphides visible. 

b. The same, but witlx a small quantity of pyrites in large cubes. Concentx'atCH 
contained a good percentage of pyrite. 

c. Fine-grained blue slate, showing a little pyrite. Concentrates contained a 
little galena. 

d. Hard, grayish-blue sandstone. No pyrites visible. 

6. Carbonaceous slate witlx small quartz-veins, forming the casing. Concentrates 
nearly all sulphides 

/. White, splintery quartz from the Guiding Star’^ lode, with laininjc of car- 
bonaceous shale, showing a little pyxdte and arsenopyrite. All analyzed. 

g. Fine-grained black slate from the wall of the “Guiding v^tar’’ lode. Showed 
a very little pyxite and arsenopyrite. Concontrixtea mostly Hulpludes. 

Hard sandstone with no sulphides. 

i. The same. 

;/. blate from beside a small quartz-vein 2 inches wide. vShowed a little pyrite, 
Concentrates contained fair proportion of pyrite, 

L White quartz from leader 2 inches wide. No sulphides visible. All analyzed. 

I Sandstone with large cubes of pyrite fi'om hanging-wall of a vein of <piavtz 
about 6 inches wide. Concentrates contained a large percentage of sulpludcH. 

m. Sandstone, hard, moderately coarse-grained. No sidpludcs. 

n. Slate, with pyrite and arsenopyrite visible in small (piautiticH, taken from 
the wall of a slide which was filled with recently formed limoxxite. Concentrates 
showed a good percentage of sulphides. 

In the case of samples marked * the whole of the sample left after e(mcent ration 
was assayed after the concentrates had been examined. 
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Table V. — Continued. 


Sample. 

Distance from 
Shaft 

Distance from 
Keef 

Weight Examined 

Weight of Con- 
centiates 

Weight of Conceu- 
tiates of Specific 
Giavity oxei S 18 

Percentage of 
Sulphur. 

Yield of Gold. 

Yield of Gold per 
Ton of Counti y- 
Eocli. 


Feet 

Feet. 

Lba 

Grams 

Grams 


Grains 

Grains. 

0 

440 

836 

4.48 






P 

400 

395 

4.48 

435 

193 

0.32 

.0027 

1.35 

(/ 

409 

395 

1000 grs. 



O.GS 

,0016 

25. 


550 

440 

4.^8 

1216 

800 

1.1(6 

Nil. 

Nil. 

,s' 

617 

513 

4.48 

316 

74 

Trace. 


( i 

t 

678 

574 

4.48 

743 

495 

0.79 

.0071 

3.55 

u 

741 

C37 







V 

804 

7(''0 

4.48 

216 

39 

Nil. 

Lost. 

Lost. 



850 

755 

4.48 

349 

72 

u 

Nil. 

Nil. 

it 

908 

813 







?/ 

971 

867 

'i'is 

614 

394 

0.73 

li 

(C 


1017 

993 

4.48 

1026 

859 

1.37 

.0015 

0.75 

A 

1051 

947 

4.48 

694 

512 

0.7S 

Nil. 

Nil. 

B 

1060 

956 

4.48 

1846 

1327 

2.35 

,0U08 

0.4 


0 . Solid, hard sandstone. No pyrite visible. Concentrates not analyzed. 

•p. Slate from bedow a small flat quartz-vein 2 inches wide. Showed a little 
sulphide. Concentrates contained a good percentage of pyrite. 

q. (Quartz from a small Hat vein, showing a little pyrite. 

r. Slaty sandstone, showing large crystals of pyrite. Concentrates nearly pure 
pyrite. 

M. Slate, with no sign of pyrite, from near a small quartz-vein, varying from 8 
inch(‘S to 1 iiudi in width. 

t. Slate very cdo.se to a fault or “slide,’’ showing pyrite and blende. Concen- 
trates eoutaiued a, hirgc percentage of sulphides. 

n. Hard, hue-grained sandstone, showing no sulphides. Concentrates not 
analyzed. 

V. Same as ah^'ve. 

w. Fine-grained slate, showing no trace of sulphides. 

jj. Hard, iiu(‘ saudHloue. No pyrite. Conccntx’ales not anah^zed. 

y. Hatulstoue from the foot-wall of a lode 1 foot wide, running parallel with the 
“(hiiding Star.” Showed pyrite in large ciystals. Concentrates contained 
good proport it >n of pyrite. 

z. vSlaly sandstone, with crystals of pyrite and a small proportion of arseno- 
pyrite. Coueeutrutes nearly all sulpludes, 

A. Sandstone with large crystals of pyrite. Concentrates nearly all pyrite. 

B. Slate from the wall of an eruptive dike of felsitc porphvry. Large crystals 
of pyrite were ahuudant in the sample, and blende and galena sparingly distributed . 

In the ease of samples marked the whole of the sample left after coueentration 
was assayed after the concentrates had been examined. 
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Table V. — Concluded. 


Sample. 

Distance from 
Shaft. 

Distance fiom 
Reef. 

Weight Examined 

Weight of Concen- 
trates. 

W'eight of Conccn- 
traies of Specific 
GraMty ovei S 18 

Percentage of 
Sulphur. 

Yield of Gold 

Yield of Gold per 
Ton of Country- 
Rock. 

Dike 1 

Feet. 

1068 

Feet 

964 

Lbs 

4.48 

Grams. 

2143 

Grains. 

1827 

3.69 

Grains. 

.0134 

Grams. 

().7 

‘‘ 2 

1073 

969 

4.48 

946 

743 

0.06 

.0076 

3.8 

‘‘ 3 

1082 

978 

4.48 

176 

34 

Trace. 

Nil. 

Nil. 

4 

10P5 

991 

4.48 

1875 

1642 

3.24 

.('04 

2.0 

C 

1097 

993 

4.48 

1163 

901 

1.73 

.006 

3.0 

D 

1150 

1046 

4.48 

314 

86 

0.18 

Lost. 

Lost. 

E 

im 

1103 

4.48 

946 

713 

1.02 

.0075 

3.75 

F 

1221 

1117 

4.48 

673 

442 

0.72 

.014 

7.0 

G 

li42 

1138 

4.48 

476 

319 

0.54 

.0u35 

1.75 


1. Sample taken from 4 feet in tlie dike. Contained large quantity of pyrite in 
large crystals, with inclusions of slate and sandstone. Concentrates nearly all sul- 
phides. 

2. The same, with much less pyrite. Concentrates nearly all sulphides. 

3. The same. No sulphides visible, and no inclusions of slate and sandstone 

4. Dike 1 foot from farther wall, included many fragments of slate and saiulstone 
from the country-rock. Contained pyrite in large quantities, with a little arseno- 
pyrite and blende. 

C. Sandstone from the farther wall of dike, containing large crystals of pyrite. 
Concentrates mostly pyrite. 

D. Sandstone from the vicinity of a ^‘alide.’^ No pyrite visible. 

E. Slate from the wall of a small quartz-vein, 6 inches wide. Showed a fair 
quantity of pyrite with a little galena. Concentrates nearly all sulphides. 

F. Sandstone, with large crystals of pyidte. Concentrates mostly pyrite. 

G. Slate, with a little i)yrite and blende, from the farthest point of the work- 
ings. 
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Table VI . — Ajudyses of Couvtry-Rock from Deep Levels, United 
Albion G. M. Co., Steiglitz, near Ballarat, Victoria. 


Sample 

Distance from 
Shaft 

Distance from 
Eeef 

Weight Examined. | 

_ _ J 

Weight of Concen- 
trates Obtained 

Weight of Concen- 
tiates of Speeific 
Giavity over 3 18 

Percentage of 
Sulphni. 

Yield of Gold. 

Yield of Gold per 
Ton of Country- 
Eock. 


Feet. 

Feet. 

Lbs. 

Grains. 

Grains 


Grains 

Grains. 

a 

0 

69 

4.48 

276 

48 

Nil. 

Nil. 

Nil. 

h 

29 

40 

1000 grs. 



tc 

a 

( i 

c 

51 

18 

4.48 

647 

821 

0.73 

.0053 

2.65 

d 

68 

1 

4.48 

1035 

914 

1 037 

.0119 

5.95 

c 

76 

1 

4.48 

719 

641 

.846 

Lost. 

Lost. 

/ 

93 

17 

4.48 

346 

285 

.436 

.0018 

0.9 

V 

120 

44 

4.48 

517 

312 

.56 

.0023 

1.15 

h 

140 

64 

4.48 

193 

35 

Nil. 

Nil. 

Nil. 

'/•' 

169 

93 

4.48 

276 

43 

u 

a 

11 

./ 

208 

127 

4.48 

318 

58 

it 

cc 

u 

k 

220 

144 

4.48 

725 

416 

.71 

.0029 

1.45 



268 

192 

4.48 

186 

75 

Nil. 

Nil. 

Nil. 

m 

307 

231 

4.48 

247 

36 

u 

li I 

u 


(u Slate, no visible snlpliidos. 

h. Wliite, barren-looking quartz from a large ^^blow’’ of quartz from 8 to 10 
feet through, showing no sulphides. All assayed. 

v. Sandstone, showing a small percentage of sulphides. Concentrates contained 
good proportion of sul[)hides. 

(1. Dark-colored slate from tlic foot-wall of an auriferous lode, showing a good 
deal of pyrite and arsenopyrite. Concentrates nearly pure sulphides. 

i\ Shite from the hanging-wall of the same lode. Concentrates nearly all 
sulphides. 

/. Fine-grained sandstone, with large crystals of iiyritc. Concentrates nearly 
all sulphides. 

(f Dark-colored slate with a little pyrite. Coneontrates contained good per- 
centage of sulphides. 

h. Hard, line-grained, gray slate, with small white quartz-veins. No sulphides 
visil)le. 

/. Hard, line-grained sandstone. No pyrite visible. Concentrates contained no 
visible sulphides. 

Hard slate. No sulphides visilde in sample or concentrates. 

k\ Dark slate from the antiidinal axis Showed several small veins of (puirtz, 
with a little pyrite. (hiu'cntrates eontaineil a good percentage of pyrite. 

l. Sa.ndstone, with small (piartz-voins. No sulphides visible, and none in eon- 
centiates. 

m. Hard sandstone. No sulpluiles visible in sample or concentrates. 

In the case of samples marked * the whole of the sample left after coneentration 
was assnye<l after the concentrates hail been examined. 


vou xxvn.— -42 
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Table VI A. — Analyses of Samples from Deep Levels, Tam 
o^Shanter Cf. M. Co., Steiglitz, near Ballarat, Victoria. 


Sample 

Distance West of 
Shaft. 

Distance fioiii 
Keef. 

Weight Examined 

Weight of Concen- 
trates 

Weight of Concen- 
trates of Specific 
Gra\ ity over 8 18. 

Percentage of 
Sulphur. 

Yield of Gold. 

Yield of Gold per 
Ton. 


Feet. 

Feet 

Pounds 

Giains. 

Giaiiib 


Grams 

Grains. 



1S5 

K'.O 

4 48 

375 

46 

Trace. 

Nil. 

Nil. 

h 

160 

75 

4.48 

436 

36 

li 

a 

li 

c 

131 

46 

4.48 

724 

546 

0.693 

ic 

ct 

d 

95 

10 

4.48 

376 

48 

Trace. 

it 

{( 

e 

85 

0 

4 48 

276 

38 


({ 

a 

f 

83 

0 

1000 grs 



0.469 

a 

75 6 

q 

80 

0 

4.48 

943 

816 

1.23 

0.0097 

4.85 

h 

59 

21 

4.48 

612 

472 

0.76 

0.0013 

0.65 

i 

31 

49 

4 48 

573 

.389 

0.48 

0.0024 

1.2 

J 

2 

78 

4.48 

674 

513 

0.63 

0.0053 

2.65 


East of 









Shaft. 








k 

6 

57 

4.48 

417 

346 

0.47 

Lost. 

Lost. 

1 

29 

34 

4.48 

357 

291 

0.46 

0.0016 

o.s 



48 

15 

4.48 

213 

24 

Nil. 

Nil. 

Nil. 

n 

61 

2 

4 48 

817 

494 

0.S7 

O.OIl 

5.5 

0 

80 

17 

4.48 

246 

42 

Trace. 

Nil. 

Nil. 

? 

91 

28 

4.48 

378 

241 

0.35 

0.0021 

1.05 


a Mne grained sandstone. No sulphides. 

h. Fine grained slate showing no sulphides. 

c Fine-grained dark slate, showing small quantity of pyrite. Concentrates con- 
tained a good percentage of pyrite. 

d. Slaty sandstone, showing no sulphides. 

e Casing-slate of a lode lilling a fault-fissure which has evidently faulted the 
country considerably. Sample showed no sulphides. 

f. Part of lode consisting of white quartz with small proportion of sulphidiss. 
All assayed. 

q Dark, fine-grained slate forming the casing of the lode on the E. si(h‘. Py- 
rite visible in good proportion. Concentrates nearly pure siilpliides. 

^ h. Slate with fine threads of quartz crossing the bedding planes. A little py- 
rite and blende in the quartz. Concentrates nearly pure sulphides, 

i. Similar slate, from the synclinal axis. Concentrates contaiui‘d good percent- 
age of sulphides 

j. Slate showing good proportion of sulphides. Con<!entrates nearly all pyriti^. 

h. Sandstone with large crystals of pyrite. Concentrates nearly all l)yrite. 

/ Dark-blue sandy slate, showing no sulphides. Ooncentrate.s contained a fair 
quantity of pyrite. 

m. Hard, gray sandstone. Showed no sulphide, 

n. Sandstone with a small quantity of pyritq. Concentrates contained a fair 
proportion of pyrite. 

0 . Hard, gray sandstone. No trace of sulphides. 

p. Slate, witli a small proportion of sulphides. Concentrates contained a good 
percentage of sulphides. 

In the case of samples marked ^ the whole of the sample left after concentration 
was assayed after the concentrates had been examined, 
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Table VII A. — Long Tunnel G. 3L Cb., Gippsland^ Victoria 
( Upper Silurian). Analyses of Samples from Dike not Asso- 
ciated with an Auriferous JReef 




Sample. 

Weight Examined 

Weight of Concentrates. 

Percentage of 
Sulphui . 

1 

Yield of Gold. j 

1 

Yield of Gold per 
Ton 


Ll)s. 

Giaina, 


Grains, 

Grains. 

a 

7 

1650 Showing no sul- 
pliides. 

Ml. 

Nil. 

Nil. 

b 

7 

650 Showing no sul- 
j)hides. 

C< 

a 

CC 

(] 

7 

860 Showing a small 
(jiiaiitity of siil- 
pliides. 

0.73 

0.0013 

0.416 

d. 

7 

647 Showing no sul- 
pliidcs. 

Ml. 

Ml. 

Ml. 

e 

7 

1612 Showing a little py- 
rite. 

0.86 

O.OOIC 

0.512 


<L Froin the N.W. level 900 feet below tlie tiinucl and about 1000 feet below 
tbe HurfacH*, from a, dike about 3 feet wide, not associated wiili an auriferous reef. 
The (juarlz in the vicinity was ijuite wliite in color and non-gold-beariiig. 
k The saiue, but 10 feet away from tbe last sample. 

(\ Th(* Ham(‘, but eontaiiu'd arsenopyrite in needles, sparingly disl-ributed through 
the snmph^, with a. lltth^ pyrite. 

(/. 30 h‘et. from last sample from the hanging-wall of a tpiartz-reef, wdiicli con- 
tained no sulphides and was not auriferous. 

c. KornuHl th(^ middle of a lode between two veins of (dear white (luartz ; non- 
auriferouH ; contained a very little arsenopyrite in needles. 
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Table YII B. — Analyses of Samjyles from Dilie Associated with 
Mich Auriferous Meef 


Sample, 

Weight Examined 

Weight of Concentrates. 



Percentage of • 
bulphur. 

I 

1 

Yield of Gold. 

S-i 

o 

ft 

o s 

O 

oH 

cs 

S 


Lbs. 

Grains. 


G rams 

Grain.s. 

(i 

4.48 

2107 With a good pro- 
portion of sul- 
phides. 

1.86 

0.049 

21.5 

b 

4.48 

617 Mostly arsenopy- 
rite. 

0.05 

0.062 

31. 

c 

4.48 

1094 With a good pro- 
portion of sul- 
phides. 

1.3G 

0.043 

21.5 


a. From the 1422-foot level, about 2100 feet below the surface, buuuiuf^ the 
middle of a richly auriferous lode. Sample heavily inipr(\£>’nate(l with pyritc, aud 
arseuopyrite in needles. (The quartz associated with it yielded 2 oz, ,‘i dwta. 
per ton ) 

h. From the 13224bot level, about 2000 feet below the surface, fonuiii^^^ tlu^ foot- 
wall of a rich lode about 4 feet wide. The dike showed very slig'ht tract‘H of 
sulphides. 

c From the 1422-foot level, about 2100 feet below surface, forming? the hauju^iug- 
wall of a rich lode, the lode being 18 inches wide, and th<‘ dike about 2 f(‘et 
4 indies wide, the dike-rock richly impregnated with pyritc and arsmiopyrite. 




THE GENESIS OE CEKTAIN AXJEIFEEOUS LODES. 


635 


Table VIII. — Analt/ses of Country-Hock of Walhalla,from Cross- 
Cut at dOQ-Foot Level (about 1600 Feet Below Surface). 


Sample. 

Distance fiom 
Lode Fissure. 

Weight Examined 

Weight of Concentrates. 

SI ^ 

:: 

Percentage of 
Sulphur 

Yield of Gold. 

Yield of Gold per 
Ton of Coiiuti y- 
Roek 


Feet 

Lbs 

Grains 

Giains. 


Grains 

Grains. 

a 

27S from 
dike. 

4.48 

5G4 With very small 
percentage of 
sulphides. 

56 

Trace. 

Nil. 

Nil. 

h 

231 

4 48 

326 

25 

a 

‘ It 

a 

c 

178 

4.48 

637 

21S 

0.373 

U 

it 

d 

178 

2.24 

416 Nearly all sul- 
phides. 

374 

0.56 

it 

it 

e 

125 

4.48 

274 No sulphides. 

39 

Nil. 

u 

it 

/ 

97 

4.48 

624 Mostly sulphides. 

490 

0.61 

0.0008 

0.4 

f 

7-i 

4,48 

447 With a good per- 
centage of py- 
rite. 

276 

0.37 

Nil. 

Nil. 

h 

32 

4.48 

394 With a fair per 
centage of sul- 
phides. 

134 

0.17 

it 

\ 

{( 

i 

i 

H ' 

4,48 

439 With a good pro-: 
portion of sul- 
phides. 

202 

! 

0.34 

it 

a 

i 

1 

4.48 

304 1 

1 

42 

Trace. 

a 

it 


a„ At shaft. Very hard sandstone, showing’ no sulphides. 

b. Hard, line-grained slate, showing no sulphides. 

e. Hard sandstone with (piartz-vcins, from the foot-wall of a small slide or 
fault. A very little arsenopyrite visible in sample. 

(L Broken slate and sandstone from the same slide, with small stringers^’ of 
quarts! ; showed a little pyrite and arsenopyrite. 

(\ Very hard, dense, slaty sandstone from a bar about G inches wide, inter- 
bedded witli the country. 

/. Fine-gnunetl slate, with quartz-seams crossing the bedding-planes, from a 
disturbed part of the (unintry. A little pyrile and arsenopyrite visible. 

</, Sandsioue, somewhat coarse-grained, with a few large crystals of pyrite. 

k ShUy sandstone, line-grained, with small needles of arsenopyrite visible 
sparingly in the sample. 

i Dark, lim^-grained slate, with arsenopyrite in needles, sparingly distributed 
througliout, and a little pyrite. 

Hard sandstone, within I foot of dike 5 feet wide. The dike in this case fills 
the whoJ(j lissure, and contains neither (piartz nor gold. 

In the c.ase of samples marked ^ the whole of the sample left after concentration 
was assayed after the concentrates had been examined. 
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Table IX. — Analyses of Samples from the 1422-Xooi Level, from 
a Cross-Cut Driven 165 Feet East to the Boundary of the T^ony 
Tunnel Extended Company. 


Sample 

Distance from 
Dike. 

Weight Examined. 

Weight of Concentrates 

j 

Weight of Concen- 
tiales of Specific 
Giavity over 3 18. 

Percentage of 
Sulphur. 

Yield of Gold. 

1 Y'ield of Gold per 
Ton. 

! 

a 

Feet 

165 

Lbs. 

4.48 

375 No sulphides. 

Grams 

39 

Trace. 

Grams. 

Nil. 

Grains. 

Nil. 

6 

139 

2.24 

987 With a fair quan- 

642 

1.03 

n 

a 

c* 

' 102 

4.4S 

tity of sulphides. 
247 No sulphides 

32 

Trace. 

a 

t( 

d 

75 

4.48 

312 Very litde pyrite. 

83 

It 

a 

it 

e 

43 

4.48 

4 1 7 With a good per cent- 

180 

0.22 

0.0014 j 

0.7 

/ 

25 

4.48 

age of pyrite 

232 No sulphides 

37 

0.07 

Nil. 

Nil. 

9 

13 

4.48 

643 With a good percent- 

519 

0.S6 

23 

o 

o 

o 

3.1 

h 

1 

4.48 

age of sulphides. 
408 Mostly sulphides. 

315 

0.63 

0.0081 

4.5 


a Slate, with quartz-veins. No sulphides visible. 

h. Crushed slate from a small slide or fault Sample contained a little (piartz, 
much oxidized, but showiii" pyrite sparingly. 

c. Hard, rather coarse-grained sandstone. Showed no pyrite. 

d. Very dense gray sandstone in a band 4 inches wide between two bods of 
slate. Showed no sulphides. 

e. Hard, gray slate, with a few small crystals of pyrite. 

/. Dark slate from wall of small slide filled with quartz. The Hample iiududinl 
a little quartz. No sulphides visible 

g. Hard, gray sandstone, with crystals of pyi'ite and arHcnopyrho, and arsimo- 
pyrite in needles. 

h Slate forming foot-wall; very fine-grained. Showed a little pyrite and ar- 
senopyrite 

In the case of samples marked ^ the whole of the sample left after concentration 
was assayed after the concentrates had been examined. 
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Table X. — Anahjses of Coxmtnj-Itock from Deep Levels, No. 5, 
Nox'tli Plmiiix G-. M. Co., Gpnipie, Queensland. 


Sample. 

Distance from 
Shaft. 

Distance from 
Reef 

Weight Examined 

Weight of Concen- 
trates Obtained. 

Weight of Conren- 1 
Dates of Specific j 
Giavity o^er 3 18 

Sw 

0 

C3 S 

CD — 
o s 

S* c/j 

Ph 

Yield of Gold 

Yield of Gold pei 
Ton of Coiintiy- 
Rock. 

a 

Feet 

75 

Foot. 

126 

Lbs 

4.4S 

Grains. 

674 

Grains. 

193 

Trace. 

Grains. 

Nil. 

Grains 

Nil. 

b 

150 

51 

4.48 

426 

317 

0.56 

0.0027 

1.85 

e 

200 

0 

4. 48 

1273 

1096 

1.87 

0.0146 

7.3 

(( 

203 

0 

4 48 

647 

619 

0.94 

0.0217 

10.85 

c 

314 

11.3 

4.48 

213 

79 

0.06 

Nil 

Nil. 

j 

4-20 

104 

4.48 

476 

312 

0.43 

a 


9 

474 

150 

4.48 

519 

426 

0.73 

u 


. h 

662 

52 

4.48 

657 

317 

0.64 

Lost. 

Lost. 

i 

588 

20 

4.48 

1016 

842 

1.37 

0.0273 

13 05 

j 

618 

0 

4,48 

1273 

fhO 

2.17 

0.0196 

9.8 

/.• 

013 

0 

4,48 

513 

391 

0.74 

0.0106 

5.3 


(I. Pui'iile conglomerate. Concentrates contained a small percentage of snl- 
pliidea. 

h. Purple con^jflomcrate, from tlie wall of a fault hading cast at an angle of 43°. 
Sulphides were easily seen in parts of suni[)le. Concentrates nearly all pyrite. 

Ulac'k carbonaceous shale fonuiug the casing on the hanging-wall of an 
auriferous reef 2 feet wide ; pyrite in large quantity visible in sample. Concen- 
trates mostly pyrite, containing traces of galena, and blende. 

(I. The same, from foot-wall of reef; sulidiides present in less tpiantity than in 
the last, 

(\ Pdack earbonueeous shale. No sulphides visible. Concentrates contained 
only a trace of sulphides. 

/. The sam<‘, showing a little pyrite. Conceutrate.s contained a good percentage 
of pyrite. 

//. Sanu' as above. 

Il Th(‘ same. No sulphides visible. 

L The same, showing a large quantity of pyrite, with little blende. 

I )ju'k (‘a rbonuc.eous shale forming the hanging wall of an auriferous reef. The 
sarnplt* showed a large (piantity of pyrite. Concentrates nearly pnre pyrite. 

L The same. Much leH.s pyrite in sample. Concentrates nearly pure pyrite. 
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Table XI. — Analyses of Country-Bock from Beep Levels^ Bril- 
liant and St George G. M. Co.^ Charters To'^cers^ Queensland. 


Sample 

Distance fiom 
Hliaft. 

Distance from 
Reef. 

CD 

a 

1 

W 

§ 

'S 

■Weight of Concen- 
trates Obtained. 

Weight of Concen- 
trates of Specific 
Gravity over 3 18 

o 

a 

4) 

o 5* 

Pd 

2 

“o 

C5 

o 

2 

'aS 

Yield of Gold per 
Ton of Conntry- 
Rock. 

a 

Feet 

60 

Feet. 

2 

4.48 

Grains 

1094 

Grain.s 

816 

1.182 

Grams 

0.0172 

Grams 

<S.6 

h 

60 

2 

4.48 

476 

126 

0.069 

0 0013 

0.65 

c^* . ... 

S8 

24 

4.48 

349 

113 

Trace. 

Nil. 

Nil. 

d . ... 

38 

24 

4.48 

276 

90 

JSil. 

cc 

c c 

e*''’ 

15 

47 

4.48 

394 

146 

cc 

cc 

cc 

s 

15 

47 

4.48 

306 

125 

i( 

cc 

cc 

9* •• • 

0 

62 

4.48 

417 

109 

cc 

cc 

cc 

h 

0 

62 

4.48 

233 

87 

cc 

cc 

cc 

i 

i 

k 

62 

62 

62 

From reef. 
<< 

a 

1000 grs. 

u 

a 





Average . 

On. DWt iiVh 

1 2 (i 9 


a. Tonalite, witli a little black mica. A vein of pyrite coutainin.t'' KtviOered 
crystals of blende and galena lan through the sample. Concentrates nearly all 
clean pyrite. 

b. The same. Showed no pyrite. Concentrates contained very little pyrite. 

c. The same. No pyrite visible. 

d. The same. 

e. The same. 

/. The same. 
g. The same. 
h The same 

i. Quartz, with large poreentago of pyrite, galena and blende. All anHayed. 

j. All assayed. 
k All assayed. 

In the case of samples marked » the whole of the sample left after concentration 
W!is assayed after the oonoontrates hiwl been examined. 
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Table XII. — Analyses of Quartz-Folia from the Mica-Schists 
of the Ti-pferary and Premier Mines, Macetown, Otago. 


Sample. 

Distance from 
Gold-Bearing Keef 

Weight Analyzed. 

Weight of Con- 
centrates. 

Weight of Coneen- 
tiates Having Spe- 
cific Giavity over 
318. 

Sulphur as Insolu- 
ble Sulphides 

Yield of Gold. 

Yield per Ton of 
Rock. 

A .. 

From Dublin 
United reef, 
Tippeiary Co. 

Feet. 

18 

Lbs 

2.24 

Grains. 

473 

Grains 

135 Coiit’d very 

0.096 

Grains. 

0.0U03 

Grains. 

0.3 

B... 

26 

2.24 

580 

little pyrite. 
419 Ncaily clean 

0.63 

0.0024 

2.4 

C... 

113 

2. 24 

312 

pvrite. 

110 

Trace. 

Nil. 

Nil. 

D .. 

207 

2.24 

409 

212 

0.12 

u 

(t 

F... 

426 

2. 24 

248 

97 

Trace. 

<( 

t( 

F... 

From Killar- 
ney reel, Tip- 
perary Co. 
360 

2,24 

618 

377 

0.56 

0.0004 

0.4 

Ct. . 

217 

2. 24 

249 Very little 

103 

Trace. 

Nil. 

Nil. 

FI... 

88 

2.24 

pyrite. 

217 No pyrite 

92 

Nil. 

a 

u 

I ... 

48 

2.24 

visible. 

283 About half 

178 

0.37 

0.001.3 

1.3 

K... 

5 

2.24 

pyrite. 

410 Mostly py- 

290 

0.75 

0.0032 

3.2 

L..^ 

48 

2.24 

rite. 

317 No ^ sul- 

89 

Nil. 

Lost. 

Lost. 

M... 

87 

2.24 

phides 

visible. 

490 About half 

276 

0.49 

0.0013 

L3 

N... 

Fimn Premier 
lode, Premier 
Co. 

16 

1 

2.24 

pyrite. 

307 Ndy clean 

283 

0.68 

0.0069 

6.9 

O... 

32 

2.24 

pyrite. 

294 N’ly clean 

1S7 

0.32 

Lost. 

Lost. 


1) 

2.24 

pyrite. 

287 Very little 

43 

Nil. 

Nil. 

Nil. 




pyrite. 






A. From (|uartn-folia about 4 incliea wi<k=‘, dark-colored, with bandR of 
mica. No milpbidcn viRiblc with hand-leus. B. From about 3 iuchcH wide. 
Byritc aiul ai’Hcnopyrite viHiblc aparinjifly with liaud-lcUH, alon^ foliatioa-plaiieia. 
(1. From about b imdicH wide. No Hulphidea visible. I). Fi'om altmut 4 inches 
wide. No sulpbideH visibh'. R From almut .S inches wide. No Fulphidcs visi- 
ble. F. From about 4 inc-hes wide. Byrite visible in small quantity. (K From 
about Ji in(du‘H wide. Much mica in foliation-planes, but no pyrite visible. FI. 
From about 4 inelies wide. Clean white (piartii. No sulphides, I. From about 
b indues wide. Showed pyrite in veins, with mica. K. From 2 inches wide. Dark 
bamls runniuji? parallel to foliation-planes, and showiuif? j^ood proportion of pyrite 
and arHenoj)yritc. Ia From about G inches wide. White quarts. No sul})hides 
visible. M.* Fh'om about 3 inches wide, mica in foliation-planes, with pyrite in 
small (juantily. N. FVom about 2 inches wide, showing pyrite in veins. (). 
From about 3 inebes wide, showhig pyrite in small quantity. P. From about 
2 inebes wide. Clean white quartss, showing no sulpbides. In the case of sam- 
ples marke<l the whole of the samide after concentration was assayed after the 
concentrates had been examined. 
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Table XIII . — Analyses of Samples of Country-Rock from the 
Deep Circulation of the Tipperary Gr* M. Co., llacetown [Low 
Level Tunnel). 


Sample. 

Distance from 
Gold-Beaiiiig Eeef. 

1 

CD 

N 

*3 

§ 

S 

Weight of Concentrates 

Weight of Coiicen- ] 
tiates Having Bpe- 
cihc Gravity over 

3 18 1 

Siilphni as Insolu- 
ble Sulphides 

Yield of Gold. 

Yield of Gold per 
Ton of Kock 


From 

Dublin 

United 

Reef 

Feet 

Lbs 

Grains. 

Grains. 

Grains 

Grains 

Grains 

a 

16 

4.48 

317 With little pyrite. 

109 

0.16 

0.0003 

0.15 

b 

37 

4.48 

349 No pyrite 

37 

Trace. 

Nil. 

Nil 

c 

62 

4.48 

427 With a fair quantity 
of pyrite. 

218 

0.39 

0.0017 

0.85 

d 

e 

90 

130 

4 48 
4.48 

248 No sulphides. 

173 

20 

43 

Nil. 

a 

Nil 

u 

Nil 

u 

/ 

g 

158 

4 48 

386 '' 

7 1 

Trace. 

Lost. 

Lo.st. 

198 

4.48 

318 '' 

59 

Nil. 

Nil 

Nil 

h 

245 

4.48 

209 “ '' 

47 

i i 



i 

273 

4.48 

373 A fair pei'centage of 
pyrite. 

219 

0.30 



J 

326 

4.48 

597 A good proportion of 
sulphides 

373 

0.58 



k 

405 

4.48 

630 Pyrite in fair pro- 
portion. 

290 

0.30 



1 

438 

From 

ICillar- 

ney 

Reef. 

4.48 

375 Nearly all sulphides. 

2S0 

0.41 


( i 

m 

400 

4 48 

209 Very little pyrite. 

33 

Trace. 

Tjost. 

Lost. 

n 

317 

4.48 

]73 “ 

49 

Nil. 

Nil. 

Nil 

0 

250 

4.48 

419 A good quantity of 
sulphides. 

317 

0.59 

0.0007 

0.35 


a Mica-schist. No sulphides visible. 

b. Same as above. 

c. The same. P.yrite visible in small quantity in quartz-folia. 
d The same. No pyrito visible. 

e. Same as above. 

/. Same as above, 

//. The same, Irom vicinity of slight fault. The saiuple iiududetl a hinnll 
quantity of fault rock. 
k The same No sulphides visible. 

i The same, from a slight fault. Sample much broken and cotitortcd, with 
quartz veins in all directions, showing a little pyrite. 

j Solid mica-schist, with a little i)yritc and arsenopyrite in foliation-pIune.M and 
joints 

k. Mica-schist, with a little pyrltc and arsenopyrite in folhition-plane.s aiul 
joints. 

L The same, showing pyrite and arsenopyrite pretty freely in quartz-folia, 
m. 940 feet from entrance of tunnel. Mica-schist. No sulphides visible. 
n Mica-schist. No sulphides visible. 

0 . Broken and contorted mica-schist from a fault-line* containing small veins of 
quartz, which showed pyrite and araenoi)yrite in fair quantity. 
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Table XIII. — Concluded, 


Sample. 

Bistanoe from 
Gold-Beaiing Reef. 

Weight Analyzed 

Weight of Con- 
centrates 

Weight of Concen- 
trates Having Spe- 
cific Gravity over 
.S18. 

Sulphur as Insolu- 
ble Sulphides. 

Yield of Gold. 

Y5eld of Gold per 
Ton of Rock. 

p ... 

Piom IvillarnGy Reef 
Feet 

217 

Lhs. 

4 48 

Grams 

263 No pyrite. 

Giains 

59 

Nil. 

Grains. 

Nil. 

Grains 

Nil. 

7---- 

175 

4.48 

290 With a little 

111 

0.19 

0.0013 

0.65 

r . .. 

143 

4.48 

pyiite, 

173 Nosulph’ds. 
149 

31 

Lost. 

Lost. 

Lost. 

-S'. ... 

110 

4.48 

38 

Nil. 

Nil. 

Nil. 

t .... 

74 

4.48 

304 With good 

209 

0 35 

0.0004 

0.2 

n ... 

39 

4.48 

pioportion 
of sulpli’ ds 
237 

53 

Trace. 

Nil. 

Nil. 

V.... 

18 

4.48 

137 With very 

48 

0 09 

0.00b2 

3.1 

w . 

Foot-wall of aurif- 

4.48 

sin’ll qn’ty 
of sulph’ ds 
643 Good prpt’n 

237 

0.39 

0.0029 

1.45 

tc.... 

crons lode, Killar- 
noy Reef. 

JTanging-wall of 

4. 48 

of sulph’ds 

509 Good prpt’n 
of sulphd’s 

168 Very little 

340 

0.58 

0.0004 

0.2 

y.... 

auriferous lode, Kil- 
laiaioy Reef. 

Emm Killarney Reef. 
21 

4.48 

74 

0.03 

Nil. 

Nil. 

z .... 

49 

4.48 

pyrite. 

340 \\ ith a good 

194 

0.37 

0.0009 

0.45 

«/. . 

<S3 

4.48 

percentage 
of sulphd's. 
203 Nosulph'ds. 

47 

Nil. 

Nil. 

Nil. 

6^.. 

17G 

4.48 

178 Small <pmt’y 

73 

0.011 

0.0002 

U.l 

0^.. 

210 

4.48 

of sulphd s. 
216 NosnlpluVs. 

29 

Nil 

Nil. 

Nil. 

(i/,„ 

277 

4.48 

317 Very small 

83 

Trace. 

0.0005 

0.25 

c/ .. 

300 

4.48 

quantity of 
sulphides. 
140 Nosulph’ds. 

24 

Nil. 

Nil. 

Nil. 

/^.. 

312 

4.48 

145 

43 

Hi 

Lost. 

Lost. 


320 From farther 

4.48 

317 '' 

08 

U 

Nil. 

Nil. 

eud of tunnel, 
1530 feet from 
cntnmcc. 








f, 740 fiH't from tuniKjl"Cntran<H\ Solid mim-'HchiHt. No Hulphidcti visible. 
q. Solid mi(‘n-H(‘hiHt, witli Bnuill quantity of pyrito, viniblc eMpociully in (piartz- 
folia, r. Solid mii'a-HchiHl, Ko Hulphidcs viniblc. «. Solid niioa-Hchisi. No 
8ult>hid(.‘H viHibU*. t. Solid niica-HcluHt, with pyrite in foliution-plancH with mica. 
10 Solid uu(ii“H(‘hiHt. No nidphidcs viHiblc. i». Solid mica Bchist, Hhowing no 
pyrito. Mica-wduHt, much broken and with nnmerouH veins of (luartz and 
ealcit(‘., th<^ (pairtz: showing arsciiopyrite ami pyrite freely, x. Mica-s<‘hist, 
much broken and with numerouH veins of quartz: and calcite, the (piartz showing 
arsenopyri to and pyrite freedy. y. Solid mica-sf.hist. Very little pyrite. Soli(l 
niica"M(‘l\iHt, showing sulplndes rather freely in foliation planes, with mica, a/. vSolid 
mica Hchist. No snltihides visible, b'. Solid mica-achist, with small (piuntity of 
HuIphid<‘H in (piartz-folia. r/. Solid mica-achist- No sulphides visible. iU, 
Mica-schist much broken, with veins of qmu’tz: inuming through samnle. No sul- 
phides visible, c/. vSol id mica- schist No sulphides visible, f, Solitl mica-Bchist. 
g\ Solid mica-schist 
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Table XrV. — Exomination of Samples from the Dee}) Cireidation 
of Macetown Reefs^ the Samples Being Taken near the Reef, 


Sample. 

Di&tance fiom Au- 
riferous Lode. 

Locality. 

Weight Examined. 

Weight of Concen- 
trates 

Weight of Coneen- 
tiate.s of Specific 
Giavity 3 18 

Pei centage of 
Sulphur 

Yield of Gold 

<x> 

Pi 

"Z . 

on 

s 

z 


Feet. 


Lbs, 

Grains. 

Grains 


Grains 

Grains. 

a 

2 

Low-level tunnel, 









Premier Mine, 









Macetown, Otago. 

4.48 

716 

309 

0.66 

0 0006 

0.3 

h 

1 

(( 

4.48 

642 

184 

0.37 

0.00u3 

0 15 

c 

1 

1 it 

4 48 

317 

54 

Nil. 

Nil. 

Nil. 

d 

12 

u 

4.48 

512 

234 

0.38 

ti 

(i 

e 

30 

n 

4.48 

440 

86 

0.06 

a 

iC 

/ 

65 

u 

4.48 

763 

219 

0.39 

0.0002 

0.1 

9 

12 

High-level adit. 









Premier Mine. 

4.48 

590 

347 

0 58 

0 0017 

0 85 

h 

32 

u 

4.48 

463 

185 

0..S4 

0.0008 

0.4 

i 

40 

it 

4.48 

576 

429 

0.86 

0.0075 

3.75 


a. Hanging wall country, solid mica schist with a little pyrite and arbcnopyritc 
in vein‘s. Concentiates contained a good percentage of pyrite. 

b Hanging'wall country of a part of the lode where the lode-fissure wms tilled 
with mullock.’^ Sample was much broken and showed a little pyrite. 

c. Foot-wall country of a part of the lode where. the lode-fissure was lilkMl with 
‘‘mullock ” Solid mica schist. No sulphides visible 

d. From a cross cut in hangmg-wall country ; the country much broken. Sam- 
ple showed no sulphides. Concentrates contained a little sulphide. 

e. In the same cross cut, 24 feet further in. Solid mica schist. The Hpeeiiueu 
contained veins of quartz, with no visible pyrite. Concentrates contained a little 
pyrite. 

/. Fartlier in, in the same cross-cut. Sample showed a little pyrite in the 
interlaminations, associated with mica. 

^ g In foot wall of broken country. The sample contained much (piartz, with a 
little pyrite and arsenopyrite. Concentrates contained a good penvutage of 
sulphides 

^ h. Twenty feet farther in, in the same cross-cut. Broken country, showing a 
little pyrite and arsenopyrite. Concentrates contained a good percentage of 
sulphides. 

i. Eight feet farther in, in the same cross-cut. Showed a considerable quantity 
of arsenopyrite and pyrite. 
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Table XIV. — Continued. 


Sample. 

Distance fiom Au- 
riferous Lode, 

Locality. 

Weight Examined . 

Weight of Concen- 
trates 

Weight of Concen- 
trates of Specific 
Giavity over 3 18. 

Percentage of 
Sulphur. 

Yield of Gold. 

Yield of Go'd per 
Ton. 


Feet, 


Lbs. 

Grains. 

Grains. 


Grains 

Grains. 

j 

5 

High-level adit, 









Premier Mine. 

4.48 

609 

386 

0.67 

Nil. 

Nil. 

k 

19 

li 

4.48 

375 

393 

0.29 

0.0007 

0.35 

1 

35 

a 

4.48 

246 

31 

mi. 

Nil. 

Nil. 

w 

68 

te 

4.48 

309 

54 

t i 

a 

ti 

n 

89 

cc 

4.48 

376 

300 

0.52 

0.0095 

4.75 

0 

98 

it 

4.48 

345 

272 

0.45 

0.0111 

5.55 


j. Over 5 feet in Moyle’a cross-cut Broken country from hanging-wall side. The 
recf-nsaure at this point contained no quartz. Sample contained a fair tpiantity of 
pyritc. 

k From the same cross-cut, 14 feet farther in. 

L From the same cross-cut. Solid country, opposite lode-fissure filled with 
mullock. Sliowed no pyrite. 

<)}i. From the same cross-cut, 33 feet farther in ; fpiartz-vein 2 inches wide. 
Bhowed no sulphides. 

n Seven feet from the end of the same cross-cut. Broken coimtiy with nu- 
merous <piartz- veins, showing sulphides freely. 

e. From the end of the same cross-cut. 
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Table XIV. — Concluded. 


Sample. 

Distance fiom Au- 
rileious Lode. 

Locality 

Weight Examined. 

Weight of Concen- 
trates. 

Weight of Concen- 
trates of Specific 
Gravity over 3 18. 

Percentage of 
bulphni. 

Yield of Gold. 

Yield of Gold per 
Ton. 

P 

Feet. 

3 

Tipperary high- 

Lbs. 

4.48 

Grains 

211 

Grains. 

81 

0.047 

Grains 

0.0003 

Grains. 

0.15 

q 

36 

level adit. 

1 1 

4.48 

186 

41 

Trace. 

Nil. 

Nil. 


12 

u 

4. 48 

542 

3()0 

0.58 

0.0019 

0.05 

a 

47 

iC 

4.48 

396 

184 

0.36 

0.0027 

1.35 

t 

1 

ti 

4.48 

216 

74 

(1.019 

0.0(h>3 

3.15 

ii 

25 

it 

4 48 

347 

85 

Trace. 

Nil. 

Nil. 

V 

46 

it 

4.48 

616 

422 

0.70 

it 

it 


p. From cross-cut No. 1. Solid country on foot-wall side ; showed no pvriie. 

q. From the same cross-cut, 33 feet farther in. Concentrates showed very little 
pyrite, 

r. From No. 2 cross-cut on the hanging-wall side. Lode-hsHure at this part 
filled with mullock.’^ Sample from broken country, showed a good deal of py- 
rite and arsenopyrite. 

s Sample showed a good deal of quartz, with a little pyrite. 

L From cross-cut No. 3 j hanging-wall, broken country, opposite a part wluire 
the reef-fissure lay very flat ; showed no sulphides. 

u. From the same cross-cut ; country still broken ; showed no aulpludes, 

V. Sample taken from the end of cross-cut No. 3 j showed a good prop{>rlion of 
sulphides. Concentrates nearly all sulphides. 
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Table XV. — Anahjses of Samples from the Deep Levels^ Reefton 

Gold-Field, 


Sample. 

Distance from 
Reef. 

Weight Examined 

Weight of Concen- 
tiates. 

Weight of Concen- 
trates of Specihe 
Gravity over 3 18 

Peiceiitage of 
Sulphur. 

Yield of Gold. 

Yield of Gold per 
Ton. 


Feet 

] bs 

Grain«5 

Grains 

Grains 

Grains 

Grains 

a 

From lianging 
wall of aurifer- 
ous reef in Pro- 
gress Mine. 

4 48 

365 With a good 
percentage 
of sulphides 

218 

0.36 

0.018 

65 

b 

Foot - wall of 

same reef 

4 48 

704 Nearly all 
sulphides 

593 

0.89 

Nil. 

Nil. 

c 

16 from same 
reef. 

4.48 

1248 Laige per- 
centage of 
sulphides. 

975 

1.83 

0.010 

5. 

d 

60 from same 
reef. 

4.48 

910 

463 

0.71 

0.0005 

0.25 

e 

140 from same 
reef 

4.48 

471 Nearly all 
sulphides. 

309 

0.54 

Nil. 

Nil. 

/ 

1 95 from same 
reef 

4.48 

243 No sul- 

phi(!es. 

65 

Trace. 

cc 

a 

r/ 

200 from same 
reef. 

4.48 

1110 Nearly all 
sulphides. 

873 

1.80 

cc 

cc 

A 

Foot-wall of au- 
riferous reef 
from the 
‘‘Wealth of Na- 
tions ” 

4.48 

176 

74 

0.16 

0.0011 

0.55 

i 

From same level, 
10 feet farther 
from the reef 

4.48 

904 Nearly all 
sulphides. 

687 

L02 

0.017 

8.5 

J 

From same level, 
58 feet farther 
from the reef. 

4.48 

703 

489 

0.73 

0.0002 

0.1 

A 

From same level, 
90 feet farther 
from the reef 

4. 48 

217 No sul- 
phides. 

83 

Trace. 

Nil. 

Nil. 

‘1 

From same level, 

1 .‘-’5 feet farther 
from the r<‘ef. 

4.48 

224 

83 

Nil. 

(( 

a 

m 

From same h‘vel, 
2o'0 feet farther 
from the reef. 

4.48 

618 

504 

1.06 

ti 

ti 


a. S()rt-griiiiic<l slate, much broken and showing many sliekensides Tlie faces 
of the sliekensides showed streaks of pyrile, due to crushing 6. Fine-grained 
shite, also nni(‘li broken and contorted, with a number of small quartz-veins. 
Showed a hirg(‘ <|uantity of pyrite c. F'inc-grained slate, showing a large quan- 
tity of arsmiopyrite and pyrite with a little galena, d and e. Solid slate, little 
altered, showing no signs of crushing Sulphides in fair quantity. /. ITaixl, 
fme-graine<l slate, showdng no sulphides. Hard, line-grained f-andstone, 
showing a large quantity of pyrite, A. Fine-grained slate, very ranch broken, 
with seams of (piartz. The surface of sliekensides was coated with calcitc. No 
sulphides visible, i. Fine-grained slate, contained large (juantity of pyrite and 
arsenopvrite. j. Holid slate, with a vein of quartz about | inch wide. Sul}>hides 
visible in fair quiintitv. A Solid, Very hard slate, no sign of breaking. Showed 
no sulphides. /. Solid slate, showing no sign of either quartz or pyrite. m. Solid 
slate, but showing pyrite and arsenopyrito freely. 
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Table XVI . — Analyses of SamjAes of Soft Decomposed Andesite 
(Vropylite) from Moanataiari Tunnel, 


Sample. 

Approximate Dis- 
tance fiom Auiifeu- 
oub Reef 

Weight Examined 

Weight of Concen- 
trates Obtained 

Weight of Concen- 
tiates of Specific 
Gravity ovei 3 18 

Peicentage of 
Sulphni, 

Yield of Gold. 

( 

Yield of Gold per 
Ton of Countiy- 
Rock 

Yield of Silver 

Yield of .Silver per 
Ton of Countiy- 
Rock. 


Feet 

Lbs 

Grs 

Grams 


Grains 

Grains, 

Oiams 

Gz. dwt. grs 

A... 

50 From No 9 
Moanataia- 
ri Reef. 

4.48 

1246 

71b 

1.03 

0.0007 

0.35 

8.5 

8.17.16 

A^. 

Ditto. 

2.24 

479 

208 

0.56 

0.0006 

0.6 

3.34 

6.10.4 

Giiiins. 

B... 

55 From No. 9 
Reef, close 
to a small 
leader 6 in. 
wide. 

4.48 

516 

140 

0.086 

0.0013 

0.65 

0.00G8 

3.4 

C... 

Ditto. 

4.48 

1064 

733 

1.25 

Nil. 

Nil. , 

O.OlfiS 

8.15 

D... 

60 From No 9; 
20 ft. from 
a leader 

4.48 

643 

2i7 

0.38 

0.0003 

0.15 

0.0051 

2.55 

E. .. 

F. .. 

65 Flora. No. 9; 
foot-wall of 
a’rifs 1(1’ r. 

4.48 

1000 m 

412 

105 

0.18 

Nil. 

Nil. 

345.0 

0.0017 

0.85 

151. 

G... 

70 From No 9; 
20 ft, from 
a’rifs Id’r. 

2.24 

873 

495 

0.84 

0.0012 

1.2 

o.nio 

19. 

H... 

70 From No 9; 
20 ft from 
a flat qu’rz- 
seam, non 
auriferous 

4.48 

317 

90 

0.0G2 

Nil. 

Nil. 

0.0012 

0.6 

I . 

20 From Don 
Pedro Ee’f, 
8 ft. from a 
slide dip- 
ping W.70° 

4.48 

1132 

795 

1.32 

0.0007 

0.35 

0.0287 

11.85 

L... 

3 Fi’oiu Don 
Pedro Re f. 

4.48 

375 

209 

0.44 

Nil. 

Nil. 

0.0008 

0.4 


A. Gmyish propjlite, showing pyrite in good cpmntityj tiO feet from tlu* jMoana- 
taiari fault, Kf, Grayish propylitc, showing pynte in good (quantity, from 

the Moanataiari fault. B Light-brown propylitc, showing very little pyrile ; 
from the foot-wall of a small auriferous leader Concentrates contained very little 
sulphides C. White propylitc, showing large quantity of pyritc ; from the hang- 
ing-wall of a small auriferous leader. ^ Concentrates contained good perevntage of 
pyrite. ^ L. Soft gray propylitc. showing very little pynte. Conceutrat<‘H Hh<nvt‘<l 
only a little pyrite. E. Hard bluish-grav propylite, foot-wall of a nmall atirifer- 
ous quartz-vein, about 4 inches wide No pyrite visilde. K (Juartz-vein, num- 
tioned under “E,’’ 4 inches wide. All assayed. G. Soft, light-bn>wn propylite, 
from the vicinity of a slide,’’ dipping north 110°. The sample showed little py- 
rite. Concentrates contained good percentage of pyritc. H. Hard, gray propylite, 
showing no sulphides ; from solid country, midway between two slides. Ctmeen- 
trates contained very little sulphides. 1. White propylite, showing bluish patehoH, 
which gave the sample a mottled appearance. JPlentifiiny impregnated with py- 
rite. Concentrates contained large percentage of pyrite. J. Propylite, brown 
from oxidation, which has probably gone on sinc'c the tunnel was opened. From 
the hanging-wall of Don Pedro vein ; auriferous quartz, averaging anout 10 inches 
wide. No sulphides visible in the sample. 
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Table XVI. — Concluded. 


Sample 

Approximate Dis- 
tance fion Don 
Dedro Vein 

Weight Examined. 

Weight of Concen- 
ti ates Obtained. 

Weight of Concen- 
trates of Specific 
Gravity over 3 18 

Percentage of 
Sulphur. 

Yield of Gold j 

Yield of Gold per 
Ton of Countiy- 
Rock 

Yield of Silver, j 

Yield of Silver per 
Ton ol Country- 
Rock. 

K 

L..,. 

Feet 

From the vein 

1 to the foot- 

Grs 

1000 

Lbs 

4.48 

Grs 

717 

Grs 

289 

0.74 

Grains 

Nil. 

Grams. 

393 

Grams 

Nil. 

Giams. 

Nil. 

Grs. 

177. 

Nil. 

M.... 

wall side 

20 ; about 20 

4.48 

316 

143 

0.19 

a 

ii 

u 

iC 

N.... 

feet from 
the slide. 

8 

1.12 

615 

419 

0.75 

0.0019 

3.8 

0.0037 

7.4 

0 . .. 

15 

1.12 

817 

183 

0.86 

0.0036 

7.2 

0.0179 

3x8 

P 

84 

4.48 

251 

78 

0.21 

Nil. 

Nil. 

Nil. 

Nil. 

Q 

G5 East. 

2.24 

665 

248 

0.46 

0.007 

7. 

0.0025 

2.5 

R.. .. 

100 

4.48 

216 

64 

0 37 

Nil 

Nil. 

Nil. 

Nil. 

S ... . 

180 

4.48 

1082 

719 

1.03 

0.0009 

4.5 

0.0087 

4.35 

T 

150 

2.24 

817 

194 

0.46 

Nil. 

Nil. 

Nil. 

Nil. 

U 

110 

L48 

604 

473 

0.83 

0.0005 

0.25 

0.0019 

0.95 

Z 

50 

2. 24 

875 

190 

0.44 

0.0013 

1.3 

0.0062 

6.2 

Al ... 

80 

L48 

846 

615 

0.92 

0.0009 

0.45 

0.0081 

4.5 

B1 ... 

6 

4.48 

770 

646 

1.02 

0.0018 

0.9 

0.0012 

0.60 

El ... 

Beside the reef. 

4.48 

512 

396 

0.59 

0.0032 

1.6 

0.0025 

1.25 


K. Quartz from Bon Pedro vein, showing a good quantity of pyrite All assayed. 

L Ilard, gray propyhte, oxidized on outside. Ko sulpliides visible 

JM. Light brown propyliie from solid country between l>on Pedro vein and the 
nearest slide Very little pyrite visible. 

N (Jray ])ropylile with black stringer J inch wide, from near the Don Pedro 
reef. Ooneentrates obtained showing a good quantity of pyrite. 

^ (), “Winter propylite from seam 8 inches wide. The propylite showed a. little py- 
rite. Loneentrates (‘ontained a good i)ercentagc of pyrite. 

P. Hard, gray propyliie from the vicinity of a black scam dipping north. No 
sulphides visible. Concentrates conlained very little sulpliides. 

Mixture of wliite and bluish-white pro]>ylite, with a small quartz vein at- 
ta(!lu*d. No Hul))hides visible Concentrates contained a fair percenlag(‘ of pyrite. 

Jt Hard, bluish-white propylite in solid country. Ooneentrates contained 
very little siil])hideH. 

S. Wlii(<‘, soft propyliie from near a fault-scam filled with clay, strongly im- 
pr(‘gnated with sul})hides Oomnuitra^es nearly all sulphides. 

T. Cray propylite from the hanging wall of a quartz reef 2 incdies wide. A 
little pyrit.e vi.sible in the sample. Concentrates contained a good proportion of 
pyrite. 

' H. t^t)ft, whitish propylite near small slide. Hood percentage of pyrite in sample. 
CoiUHmtraU'H ('.ontaiiuMt a good deal of pyrite. 

Modcu’si'ely hard, gray \ ropylile, brown on outside, due to ferric oxide. 
vShow<Hl small quantity of "pyrite. Concentrates contained good proportion of 
pyrite. 

’AI. I^'airly hard, greenish propylite, white in the more decomposed parts. 
Allowed pyritt' freely. Concentrates contained good proportion of pyrite 

JU. Hoft, white proi)yliie, showing large (piantity of pyrite. Concentrates 
nearly all pyrite. 

EL Soft, white propylite, with dark veins of ferrous sulphate, as well as much 
pyrite. Coueentrates nearly all pyrite. 
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Table XVII . — Analyses of Samples of Hard Andesite f rom Two 
Belts of Unkindly Country in Moanaiaiari Tunnel, Thames. 


Sample. 

Weight Examined. 

Weight of Con- 
ceutidtes. 

Weight of Concen- 
litite.s of Specihc 
Gravity over 3 18 

Peicentage of 
Sulphur 

— 1 

Yield of Gold. 

Yield of Gold per 
Ton of Couiitiv- 
Kock. ‘ 

Yield of Sliver. 

j 

! Yield ofSihei per 

1 Ton of Couiitry- 
Kock. 


Lhs 

Grains 

Grains 


Grams. 

Grains 

Grains. 

Grains 

a* 

4.48 

342 

53 

Trace. 

Nil. 

Nil 

Nil. 

Nil. 

h 

4.48 

209 

67 

ML 

a 

( < 

it 

1 1 

c 

4.48 

530 

239 

0.38 

It 

It 

0 0008 

04 

d 

4.-18 

575 

270 

0.41 

0.0003 

0.15 

0.0017 

0.85 

e 

4.48 

116 

29 

Ml. 

Nil. 

Nil. 

Nil. 

Nil. 

/ 

4.48 

279 

84 

n 

it 

i i 

t i 

tt 

g 

4.48 

4‘;8 

378 

0.68 

0.0072 

3.60 

0.0039 

1.95 

A 

4.48 








i 

4 48 









4.48 

cc 

74 

0.057 

Nil. 

Nil. 

Nil. 

Nil. 

V 

4.48 

189 

32 

Ml. 

tt 

it 

tt 

u 

m 

4.48 

237 

75 

a 

i t 

tt 

tt 

1 1 

71 

4.48 

375 

47 

a 

tt 

tt 

it 

tt 


a. Very dense dark-blue andesite ; showed no sulphides. Concentrates con- 
, tained no sulphides. 

h. Very dense dark-blue andesite, from within 2 feet of a hard white (juartz- 
vein Non-auriferous. Concentrates contained no sul])hides. 

c. Decomposed band of brownish andesite; from hani>inL,^-wall of same cpiartz- 
vein. kShowed pyrite in very small quantity. Concentrates contained fair pro- 
portion of pyrite. 

d Decomposed band of brownish andesite ; showed a little more pyrite. (\>n- 
centrates contained fair proportion of pyrite. 

€, Very hard blue andesite ; showed no sign of pyrite. Concentrates eoutained 
no sulphides. 

/. Andesite, slightly decomposed, varying from blue to brown ; .showed no .sul- 
phides. Concentrates contained no sulphides. 

(j Greenish andesite, soft and much decomposed ; showed a good deal of pyrite 
in the most decomposed parts. Concentrates nearly all sulphicies. 

A Greenish andesite, soft and much decomposed ; showed a good deal of pyrite 
in the most decomposed parts. Concentrates from the .sample imU. with an aeeidmit. 

i. Greenish andesite, soft and much decomposed ; .shoived a good deal of pyrite 
in the most decomposed parts. Concentrates from the samphi met with an aeeiilont. 

j Much decomposed grayish-green andesite, <piite white in patches, from near 
a leader of barren quartz. Sample showed no pyrite. Concentrates contained 
very little pyrite. 

L Much decomposed grayish -green andesite, quite white in patches, from near 
a leader of barren quartz. Sample showed no pyrite. Concentrates not analyzed. 

I Solid, very hard blue andesite, very little decomposed, and showing no sign 
of pyrite Concentrates contained no sulphides. 

m. Solid, very hard blue andesite, very little decomposed, and showing no sign 
of pyrite. Concentrates contained no sulphides. 

% Solid, very hard blue andesite, very little decomposed, and showing no sign 
of pyrite. Concentrates contained no sulphides. 

In the case of samples marked * the whole of the sample after concentration wa.s 
assayed after the concentrates had been examined. 
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Table XVII. — Concluded. 


I 

Sample | 

1 

1 

i 

Weight Examined 

Weight of Concen- ! 
tiates. I 

i 

Weight of Concen- 
trates of Specific ' 
Gravity over 318 | 

ch 

O 

ti a 

S3 

Ph 

Yield of Gold j 

Yield of Gold per 
Ton of Coiintiv- 
Rock 

Yield of Silver 

Yield of Silver per 
Ton of Conn try- 
flock 


Lbs. 

Grams. 

Grams 


Gmhis. 

Grams 

Grams. 

Grams. 

0 

4.48 

304 

103 

0.19 

Nil. 

Nil. 

0.0004 

0.2 

q 

4.48 

635 

270 

0.30 

0.0005 

0.25 

0.0117 

5.85 

r 

4.48 

173 

27 

Nil, 

Nil. 

Nil. 

Nil. 

Nil. 

« 

4.48 

219 

80 

0.016 

a 

a 

a 

a 


4.48 

346 

73 

Trace. 


Button 










lost. 



n 

4.48 

204 

34 

a 

Nil. 

Nil. 

Nil. 

Nil. 


0 (}reoiu8li blue, sli,ii;]itly decomposed andesite, taken from ne«ar a small quartz- 
vein 1 ineli wide, not auriferous. Sample showed a very little pyrite. Concen- 
trates contained a little pyrite. 

p. (Ireenish blue, slightly decomposed andesite, taken from near a small quartz- 
vein, 1 inch wide, not auriferous. Sample showed a very little ])yrite Concen- 
trates not analyzed. 

(}. Mottled blue and gu’ay andesite, fairly hard, 20 feet northeast of the great 
Moanataiari fault. Sample showed a little ])yrite in the more deeoraposeil parts. 
Concentrates contained a fair quantity of pyrite. 

r. Hard, blue andesite, very little decomposed. No sign of suli^hides. Concen- 
trates contained no sulphides. 

s, Mottled gray and blue andesite, little decomposed. Showed very little sul- 
phide. (^mcentrates eontaino<l no stdphidos. 

1 Hard, blue andc^site, not at all deeompovsed. No stilphides. Concentrates 
contained no sulphides. 

Hard, blue andesite, not at all decomposed. No sulphides. Concentrates 
contained no sulphides. 

In the ease of samples ma-rked ^ the whole of the sample left after concentration 
was assayed after the concentrates laid been examined. 
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Table XVIII. — Analyses of Various Minerals Isolated from, the 
Older Crystalline and Newer Eruptive Rocks of New 
Zealand^ Victoria and Queensland. 

A. Rocks of New Zealand. 


Sample. 

Locality. 

Weit?ht Taken. 

Mineral Isolated. 

Weight of Mineral 
Isolated 

Method of Sepa- 
lation 

Sulphides. 

! Results 

1 

From the ‘‘Stair- 

Gms 

200 

Mica. 

Gm- 

200 

Picked 

None. 

No gold 

2 

case,” on the Suther- 
land Falls road, Mil- 
ford. Sound, W. Coast 
of Otago. 

From the “Stair- 

150 

u 

150 

by band. 

PickeT 

a 

or silver 
found. 

No gold 

3 

case,” on the Suther- 
land Falls road, Mil- 
ford Sound, W. Coast 
of Otago. 

Clinton Gorge, N. W 

150 

<< 

150 

by ban I. 

Picked 

el 

or silver 
found. 

No gold 

4 

of Lake Te Anau, on 
Milford Sound road. 
Bearing Creek, Ar- 

100 

<< 

100 

by hand. 

Picked 

et 

or silver 
found. 
No gold 

6 

tluir River Valley, 
near Milford Sound. 

On the track between 

1(0 

ti 

100 

by hand 

Picked 

el 

or silver 
found. 
No gold 

6 

Milford Sound and 
Lake Ada, W. Coast 
of Otago. 

Dusky Sound, W 


Horn- 


by hand. 

Picked 

See note 

or silver 
found. 

See note 

7 

Coast of Otago. 

Dusky Sound, W. 

500 

blende. 

Horn- 

113 

by hand. 
Sons’ t\s 

billow. 1 
None. 

below. 
No gold 

8 

Coast of Otago. 
Milford Sound, W. 

100 

blende. 

Horn- 

100 

solution 

Picked 

(< 

or silver. 
No gold 

9 

Coast of Otago. 
Preservation Inlet, 

100 

II 

100 

bv hand. 
Picked 

“ 1 

or silver. 
No gold 
or silver. 
No gold 

10 

W. Coast of Otago. 
West Jacket Arm, 

140 

blende. 

Horn- 

140 

by hand. 
Picked 

« i 


W. Coast of Otago. 


blende. 


by hand. 

i 

or silver. 


1. Gneiss, containing veins of mica, about I incli wide, nuxe<l with (jtiartz. 
Several pounds’ weight of mien were easily obtained. 2. Cineiss, containing wdns 
of mica, about ^ inch wide, mixed with quartz. Several pounds’ wiught of mica 
were easily obtained. 3. Granite, with muscovite in large plates, easily picked 
out of sample. 4 Gneiss ; contained veins of muscovite, from which pie(‘(‘H 2 
inches square were easily picked out. 5. Gneiss ; contained veins of nmseovile, 
from^ which pieces 2 inches square were easily picked out. (>. Kyenitic gneiss, 
consisting of quartz, feldspar and hornblende, with a little biotite, th<^ hornblende 
in a seam about 2 inches wide. Pyrrhotite and ohalcopyrite, with minute speedts 
of native copper, associated with the hornblende. Five humlred gnumm^s of tlui 
rock gave 53 grammes of sulphides, mostly pyrrhotite, which contaiuetl (1.0053 
gramme^ of silver. 7. Syenite. 3. Syenitic gneiss. A vein of hornbhmde 
about 2 inches wide occupied the greater part of the sample analyzed. 9. Syenite 
porphyry, showing large patches and crystals of hornblende. "jO. Syenite por- 
phyry, showing large patches and crystals" of liornbleiulo. 
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Table XVIII. — Continued. 

A. Eocks oe New Zealand. — Continued. 


Sample 

Locality 

Weight Taken 

Mmeial Isolated. 

Weight of Mineral 
Isolated. 

Method of Sepal a- 
tion 

Sulphides. 

Results, 

11.. 

George S'onnd, 
W. Coast of 
Otago. 

Gms 

500 


Grammes 


See note 
below. 

See note 
below. 

12... 

George Sound, 
\V. Coast of 
Otago 

200 

Horn- 

blende. 

200 

Picked by 
hand. 

None. 

No gold 
or silver. 

13.. 

George Sound, 
W Coast of 
Otago 

1000 

Horn- 

blende. 


Picked by 
hand. 

See note 
below. 

See note 
below. 

14... 

Skip])ers Creek, 
Central Otago 


Magnetite. 

250 

Magnet. 

None. 

No gold 
or silver. 

15... 

Shotover Kiver, 
Central Ottigo. 


Magnetite. 

150 

Magnet. 

None. 

No gold 
or silver 

16., 

Note 

2 

17... 

Shotover Kiver, 
Central Otago, 

Portoliello, Ota- 
go IVninsula, 
near Dunedin. 


Magnetite. 

180 

Magnet. 

None. 

See note 
below. 

No gold 
or silver 

See note 
below. 

18... 

Portobollo, Ota- 
go Peninsula, 
netir Dunedin. 

500 


Horn- 
blende, 57 
Mica, 43 

Sonstadt’s 

Solution. 

None. 

No gold 
or silver. 

19... 

Portobello, Ota- 
go P(Munsula, 
near Dunedin. 

500 


Biotite, 38 
Horn- 
blende, 26 

Sonstadt’s 

Solution. 

None. 

No gold 
or silver 

20... 

21... 

Near Dunedin. 
Water of Leith, 
near Dunedin. 


Magnetite. 
Horn- 
blende, 
2.8 to 3. 
Angite, 

3 to 3.2. 

60 

16 

25 

Magnet. 

Klein’s 

Solution. 

None. 

None. 

No gold 
or silver 
No gold 
or silver. 

22... 

Netir Oanniru, 
Otago. 


Magnetite. 

80 

Magnet. 

None. 

No gold 
or silver. 

23.. 

(^a])e i5)ulwind, 
W. Coast of 
Nelson. 


Mica. 

200 

Picked by 
hand. 

None, 

No gold 
or silver 

24... 

1 n 11 n g a li u a 
River, Reef- 
ton. 

500 

3Mica. 

84 

Klein’s 

Solution. 

None. 

No gold 
or silver 

25... 

(.'ape FouUvind 
<luarn(‘H, W. 
(Joust of Nel- 
son, N. Z. 

500 

Mica. 

43 

Sonst'ult’s 

Solution. 

None, 

No gold 
or silver. 


n. <iEartz, feldspar and biotite, with patcdies of hornblende. 

Sample showt'd pyrrliotlte and pyrite. Five hundred Kranniies {^ave IS.rdl pfiamnies of these 
nihu*rals ehielly* but no gold or silver whh found 12. “tfranlte,” a rock eontainlng )»nik 
fiddMpar, <iuartK, nniseovite and bandH of hornblende. 13. ‘Mrranite/' a rock containing 
ortlioebiHe, (luartn. niUHCovite and hornblende in veina One thousand graiuincK gave 12. bs 
graintneH pyrrhotite and arsenoi)yrIte, which yiehled no gold or silver. U Ohlorite-schist, 
containing numeroiiH octadiedrnl crystalH of ningntdite. 15. Hornblende-.schi.st, (‘ontaining 
ntnnerotiH octahedral (‘rystals of magnetite, 10, Heavy “black ha nd,” result of erosion of 
mien .schist. 17, “ Dioritt*,” consisting of tricUnic feldspar, hornblende, biotite, magnetite and 
a littb* (luartK. Ojie thoimaitd grammes gave *1.i)31 grammes (if pyrit(‘, coutnintng t).0.’.7 giain 
of g(ild ami O.tKMl grain ofsilver. IH. l)iorit(b like No, 17. Ih. Diorlte. like N(i. 17. 20. IMnmo- 
lite. 21. basalt, v(‘ry ttuich deeompo.sed, with large, umlecomposed crystals of angite and 
hornblettd(u 22. Hard, solid basalt, fnun a (piarry. 23, (tiiciss-grauite. with large hiUa of 
iniea, easily picked out of sampla 24. Fine-grained granite, 25, Fine grained granite. 
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Table XVIII. — A. Eocks of New Zealand. — Continued. 












G 

0) 


ft 





O) 

fin 

o 

<V 




dj* 

ft 

Locality. 

H 

n 

M 

g 

Oj 

Sl 

tUO 

oo 

S 

w 

(D 

s 

2 

ft 

tzJ 

s 

(fj 



.5 

P 

ty 

2 

OQ 

o 

W 

26 

Rangitoto, Westland, N Z 

cr 

s 

o 


1 

O 

Klein’s 

Solution. 

See note 
below 

See note 
below. 


27 

Bed of Hokitika river, 

500 

Mica. 

48 

Klein’s 

Nunc. 

No gold 


Westland, N Z 




Solution 


or silver. 


28.. 

Bligh Sound, W, Coast 

500 

** 

61 

Klein’s 


No gold 


Otago 




Solution. 


or silver. 

29 

Moanataiari tunnel, 

1000 

Pyroxenes of sp gr 
2 O to 3 2 

73 

Klein’s 


No gold 


/ 

Thames district 



Solution 


or silver 


30 

MoaiiaUian tunnel, 

1000 

Hornblende and 

56 

Klein’s 


No gold 


Thames district. 


chlorite between 
sp gr 2.8 and 3 1 


Solution 

Klein’s 


or silver 

No gold 



31 

Waitekaun creek, 

1000 

Hornblende and 

65 


i 

Thames district 


chlorite between 
sp gr 2 8 and 3 1 


Solution 

Klein’s 


or silver. 

No gold 



32 . 

Moanataiari tunnel. 

1000 

Pvroxen's between 

43 



Thames district. 


sp gr. 2 9 and 3 2. 


Solution 


01 Sliver 


33 

Fame and Fortune, G. 

1000 

Pyroxen’s between 

84 

Klein’s 


No gold 


M Co, Thames 


sp gr 2 9 and 3 2 1 


Solution 


OT silver 



Fame and Fortune G. M 

500 

Pyroxen’s between 

27 

Klein’s 

U 

No gold 


Co., Thames. 


sp gr 2 9 and 3 2. i 

I 

Solution. 

i 

or silver. 

i 

! 


B. Rocks of Victoria. 





35. 

900 ft level Long Tunnel 

1000 

Hornblende. 

73 

Klein’s 

' None. 

! No gold 


G M. Co. 




Solution. 


or silver. 


06.. 

Thomson river, ne’r Wal- 

1000 




See note 

See note 


halla, (rippsland, Vict 




Klein’s 

below 

below 


37 

Thom.son nver,ne’r Wal- 

1000 

Hornblende. 

88 

None. 

No gold 


halla, Gippslund, Vict. 

Big Hill, Bendigo, near 




■Solution 


or Sliver 

38. 


(i 



Sec note 

See note 


the Silurian boundary. 





below. 

below. 

30. 

Big Hill, Bendigo, neai 

500 

Mica. 

58 

Klein’s 

None. 

No gold 


the Silunaii boundary. 




Soluiion 


or silver. 

40 

Big Hill, Bendigo, near 

500 

u 

84 

Klein’s 

u 

No gold 


the Silurian boundary. 




Solution 


or sih'ci. 

41 . 

From Gabo Island, S. E 

1000 

Hornblende. 

96 

Klein’s 

t( 

No gold 


of Vict , used as a building 
stone in Melbourne. 




Solution. 


or siher. 

42 

Ballarat East, Victoria. 


Magnetite. 

50 

Magnet. 

(1 

No gold 
or siher. 

43 

Rnnbury.near Melbourne, 


<< 

40 

« 

(( 

No gold 


Victoria. 






or silver. 


2(> Granite, with a pyritoiis vein. One thousand j^rammes gave 2H.n2 grammes of arstmo- 
pyiite and pyrrhotite, with a little galena, and this, yielded O.OOlli grain of gold au<l O.fKllU 
giaiii of silver. 

27, Granite. 

2K. Gneiss. 

20. Neplieline aiiciesite, hard, very little decomposed. 

30. Hard blue honiblende-ande.site. 

m. Hornblendc-inidesitc, slightly altered. 

32 A ugite andesite, with much ehloritc. 

33. Hard blue iinalteied augite-andesite. 

34. Hard blue unaltered augite-andesite. 

8r>. '‘Diorite” diice, near auriferou-. reef, Walhalla, Oippsland, Victoria. 

30 “Hioritc,” associated with copper-lode. Hhowod clialcopyrite, of which th(*r(* were ob- 
tained from lono grammes of the rock Ifi.lS grammes (with a Hinall (luantlty of bounumite;, 
yielding 0.407 grain of silver and no gold. 

37. ‘‘Dioiite,” like No 3(>. 

38 Syenitic granite (quartz, orthoolasc and muscovite, with large crystals of hornblende). 
One thousand grammes gave U> 03 grammes of pyrite, yielding neither gold nor silver. 

31). Hyenitic granite, like No. 3<S. 

40. Granite. 

41. fiyenite. 

42. Very dcn.se basalt, overlying auriferous slates. 

43. Vesiculai* basalt. 
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Table XVIIL — C. Kocks of Concluded. 


Sample 

Locality. 

Weight Taken. 

Mineral Isolated 

Weight of Mineral 
Isolated 

Method of Sepa- 
ration. 

Sulphides 

Results. 



Gms 


Gms. 




44. . 

TlK'1070-ft. level, 

600 Sp. gr. 2.75 to 

21 

Klein’s 

None. 

No gold 


Brilliant & St. 


3 (biotite). Sp. 


Solution, 


or silver. 


George G. M. Co., 


gr. 3 to 3.2 






Charters Towers, 


(hornblende). 

50 





Queensland. 







45.... 

The 1070-ft. level, 

500 

Sp. gr. 2.76 to 

47 

Klein’s 


No gold 


Brilliant and St. 


3^biotitcL Sp. 


Solution. 


or silver. 


( ieorge (i . M. Co , 


gr. 3 to 3.2 






{'harters Towers, 


(liornblende). 

40 





Queensland. 







40.... 

The OoO-ft. level 

1000 


36 


See note 

See note 


of the No. f) North 





below. 

below. 


Plmmix G. M. Co., 








Gvmpie. 







47... 

The OoO-ft. level 

1000 


25 


See note 

See note 


of the No. T) North 





below. 

below. 


Bluenix G. M. Co., 








Gvmpie. 








41. (Junrtz-nnca (liorite (tonalite: tlic ^j^ranite’^ of Charters Towers). 

4o, (iiiartx mica (lio rite (tonalite: the “granite’’ of Charters Towers). 

4(1 Diorilc-aphanite, wiili much carbonate of lime (culc-aphaniie) ; a very 
much altered ruck; elTerveHces strongly with acid (the “ greenstone ” of the 
(iympu* gohl“ru4d). It contains pyrite and sphalerite in small quantities. One 
thousand graiumcs gave 8.42 grammes of pyrite, yielding no gold or silver. 

47. Idorile-aphanite, with much oarbonate of lime (calc-aphanite) ; a very 
much alteriHl rock; (dhu’vesces strongly with acid (the “greenstone” of the 
(lympit* golddleld). One thousand grammes gave 42.7 grammes of pyrite and 
galena, whh'h yielded O.OOKi grain of gold and 0.0037 grain of silver. 
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Table 'SIS..— Examination of Mine-'Waters of the Vadose Region 
for Free Acid and Feme Salts. 









'S ^ 

^ g , 

03 

Oi 


O 

tk 

Eh 

o C 
o 

Free Acid in 
Grammes per 

Free Acid in 
Grammes per 



l/J 

. 

fl a 

Liter before Ex- 

Liter after Ex- 


u 0 
pH z: 

Ph § 

Sample 

O 

o 

c 

a 

m 

posure to Air 

posure to Air 

. 2 ^ 

C 0 

gi^ 

. tH 

S tH 




HCl 

HoSOi 

HCl 

H 2 SO 4 


2.431 


a*.. 

Prop’lite high- 

Strongly 

0.446 

7.901 

0.446 

.S.650 

3 198 

0.767 

6*... 

ly pyritous. 
Prop’lite high- 

acid. 

Strongly 

0.287 

Nil. 

0,592 

13812 

2 471 

0.94G 

1.525 

c 

ly pyritous. 
Prop’iite high- 

acid. 

Acid. 

0.065 

a 

0.208 

Nil. 

1 080 

0.731 

0.355 


ly pyritous 
Prop’iite high- 

Stroiigly 

0.503 

6.078 

0.506 

8.921 

2.017 

0.896 

1.111 


ly pyritous 
Prop’lite high- 

acid. 

Acid. 

0.079 

Nil. 

0.361 

Nil. 

0 968 

0 834 

0.134 


ly pyritous 
Propylite and 

a 

0.216 

tc 

0.466 

0.3S0 

0.758 

0.210 

0.548 

f • 

rhyolite. 
Propylite, py- 

ti 

0.409 

1.063 

0.605 

1.582 

1.903 

1.127 

0.776 

h. . 

ritous. 

Mica-schist. 

Neutral. 

Nil 

Nil. 

Nil. 

Nil. 

0.095 

1 0 027 

0.008 

i . . 

Mica-schist. 


a 

u 


(( 

0 872 

0 305 

0 567 

J.... 

Slate and sand- 

Highly 



tt 

tc 

0 5o9 

0.481 

0. 088 

stone 

acid. 






0.783 

0.224 

k .. 

Mica schist. 

Highly 

0.087 

tt 

0.105 

t< 

1 007 



acid. 







0.163 

L.. 

tt 

Strongly 

0.G5S 


0.810 

tt 

1.569 

1.400 



acid . 







0.318 

m... 

a 

Slightly 

0.064 

tt 

Nil. 

(t 

0.987 

0.039 



acid 







0,261 

71 .... 

(( 

Neutral. 

Nil. 

u 

<( 

tt 

0.610 

0.379 

0.... 

u 

Acid. 

(< 

ll 

0.406 

tt 

l.iOt) 

0 217 

0 9S9 

p.... 

Slate and sand- 

Neutral 

u 

it 

Nil. 

it 

().1S9 

0.4'iG 

0.0()3 

stone 








0.024 

q .... 

Slate and sand- 

Neutral, 

It 

tt 

It 

tt 

0.002 

0.578 


stone. 










a. From the Whau mine, Thames, N. Z Contained a large (j[imntity of iron 
in solution. Color, wine-red. Sp, gr., 1.021. . , , 

h. From Maria reef, Ivarungahake, Thames, FT. Z. Beposiled a large (Quantity 
of fenic hydroxide on standing. 

c. From Woodstock i*eel', Thames, N, Z. Behaved on stamling like sample o. 
d From the Albiirnia mine, Thames, N. Z. In appearance like sample a. Hp. 
gr., 1.019. 

e From the Grace Barling mine, Thames, N. Z. Nearly clear j sliglit deposit 
of ferric hydroxide on standing. 

/ From the Martha mine, naihi, Thames, N. Z. Appearance and behavior 
on standing like sample e. 

g. From the Crown mine, Karangahako, Thames, N. Z. Like samples c and/. 

h. From the Tipperary mine, IVlacetown, Otago. Clear, 
i From the Premier mine, Maeetown, <)tag(>. Clear. 

/ From the Long Tunnel, Walhalla, V^ictoria. Clear. 

Vj. From the Bonanza mine, Nenthorn, Otago. Clear. 

/. From a qnartz-reef near Roxburgh, Otago. Reddish ; deposited a good 
cpiantity of ferric, hydroxide on standing, 
m. From tlic Bella reef, Waipori, Otago. Clear. 

%, From the Gabriel’s ( hilly reef, Tjawrenee, Otago. Cleiu\ 
i). From the Game Hen reef, Ilindon, Otago. Clear.^ 
p. From the I'cef on Kovereign Hill, Ballarat, Victoria. Clear. 
g. From the X'cef on Big Hill, Bendigo, Victoria. Clear. 
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Table XX. — Analyses of Country-Rock from theVadose Region of 
Walhalla Gold-Field^ Gippsland^ Victoria, 


Sample 

Appioximate Dis- 
tance tinm Au- 
iifeious Reef (Co- 
hen’s Reef,. 

Weight Examined 

Weight of Concentrates 
Obtained. 

Percentage of 
Sulphur. 

reJ 

3 

O 

ew 

O 

S 

3 

Yield of Gold per 
Ton of Country- 
Rock. 

a 

Feet 

3 West. 

Pounds. 

4.48 

Grams 

1904 Chiefly oxide of 

Trace. 

Drains 

Nil. 

Grams 

Nil. 

b 

10 “ 

4.48 

iron, showing a 
little mica. 

1050 

(( 

(t 

(( 

c 

16 “ 

2.24 

1824 

Nil. 

0.027 

27. 



100 “ 

2.24 

All assayed. 

a 

Nil. 

Nil. 

e 

2U) “ 

2.24 

1463 

(C 

0.0183 

IS. 3 

/ 

3G0 “ 

1000 grs. 

All assayed. 

u 

Nil. 

Nil. 

{/ 

640 “ 

4.48 

1280 Chiefly quartz, fer- 

It 

0.0027 

1.35 

h 

1200 

2.24 

lie oxide, with a 
little mica. 

1640 

It 

0.0076 

7.6 

i 

0 East. 

2.24 

1356 Mostly ferric oxide. 

it 

0.029 

29. 

jx- 

76 “ 

2.2t 

with a little mag- 
netite. 

All assayed. 

Trace. 

0.0017 

1.7 

k 

360 “ 

2.24 

1748 Chiefly ferric oxide. 

Nil. 

Nil. 

Nil. 


a. Very liard, coarse-grained, solid sandstone, mucdi stained with oxide of iron. 
h. Fine-grained, hard, solid slate, very little altei'ed in any respect. 
c. Oxide of iron from a cavity between sandstone and slate. The country 
much l)roken near where sample was taken, 

(I Slate, lhu‘-grained, very little altered, very solid and hard. 

(\ Uroken sandslone, slate and oxide of iron, from a small fault in the rock, 
exposed to the surface. ' 

/. (piartz, slightly iron-stained, from small reef -formation about 4 inches 

wid(‘. 

f/. Hard, fairly coarse-grained sandstone, with seams of ferric oxide along the 
bedding-plan<‘s, 

k Slate, sandstone and ferric oxide from broken country, filling a slight fault. 
i Ferri(‘ o.xi(k‘, coating slate and sandstone. 

;/. Hard, solid, line grained slate, little altered. 
k. Hard sandstone, much stained with ferric oxide 

In the (‘ase of Ha,mpleH marked the whole of the sample left after concentration 
was assayed after the concentrates had been examiuad. 
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Table XXI . — Analjjses of Coiintry-Roek from the Vadose Region 
of the Ballarat Gold-Field, Victoria. 


Sample. 

Approximate Dis- 
tance from Au- 
riferous Iteef. 

Weight Examined. 

Weight of Concen- 
trates Obtained. 

Percentage of 
Sulphur. 

Yield of Gold 

^ 1 

Eb 

ih 

i'ZS 

Id o 

a 

Feet 

8 East. 

Lbs. 

1.12 

Grains. 

684 Mostly ferric 

Nil. 

Grains. 

' 0.037 

Grains 

74 

b 

60 

2.24 

oxide and 

quartz. 

1050 

ti 

0.017 

17 

c 

HO 

4.48 

1812 

a 

0.0068 

3.15 

d 

186 

4.48 

1485 

it 

0.0023 

1.15 

e 

240 

4.48 

2116 

cc 

0.0016 

.8 

/ 

360 

4.48 

1642 

u 

0.0058 

2.0 

9 

500 

1.12 

856 

(( 

Nil. 

Nil. 


a. Oxide of iron, with a little quartz and loose sand, formed by the disinteg'ra- 
tion of sandstone. 

b. Oxide of iron, from a joint separating two adjacent strata of sandstone. 

c. Soft sandstone, pui'e wliite. 

cl White pipe-clay, -with yellow streaks. A product of the dec'.oinposition of 
slate. 

e. Soft, fine-grained pipe clay, colored from red to purple by oxide of iron, 

f. Oxide of iron, mixed with soft sandstone and clay from broken country. 

g. Oxide of iron, forming clay parting between two beds of pipe-clay. 
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Table XXIL — Anahjses of Rocks from, the Vadose Region of 
Otago ^ New Zealand. 



B 









r- aJ 

S 

CL? 


c; 

a; 

s 

o 

O 

03 1: 

rg 

9 

ftu 

'C G 

aJ 

& 

s 

occj 

^ r 

C S 

xcrj 
o > 

A K 

Locality. 

d 

Eh 

3 

ghtof Cc 
trates 

5b: 

B ft 

o 

CM 

o 

2 

9 

Id of Gol 
n of Cou 
Rock 

aJ 

C/J 

Q 




P- 

ft 




Feet. 

Ft 


Lh.s 

Grain.*!. 


Grams 

Grs 

a 

1 

40 

Fiom a tunnel driven al on £? 

4.48 

G13 Mostly 

Nil. 

0.0016 

0 8 




tlie Bella leei, Waipoii, 


mica and 





20 


Otat^o 


oxide of 
iron. 




b 

10 

From a tunnel driven akm/? 

1.48 

1216 


0 0107 

5.35 



50 

tlie Bella reef, Waipori, 
Otaf^o 






c . . 

8 

From a tunnel di iven alonj? 

4 48 

1675 

tt 

0 065 

32.55 

d 



the Bella leef, Waipon, 
otajio. 






GO 

30 

Near the mouth of the low- 

1.48 

1217 

“ 

Nil. 

Nil. 




level tunnel, Tip])erary 
(r. M. Co, ISlacetowii, 









Otajifo. 






c.. . . 

35 

GO 

From the same tunnel, but 

2 21 

1176 

Trace. 

0.0179 

17.9 




25 feet nearer the re<d‘ 






/ 

20 

70 

From the same tunnel, 15 
feet neaier the reel. 

2 24 

1030 

tt 

0 0086 

8.0 



Q 

IGO 

35 

From muir the mouth of the 
low-level tunnel, Fremier 

1.12 

771 

Nil. 

0.0018 

3 6 

h . . 



G. M. Co., Maectown, 
Otaj?o. 

Fiom tlic same tunnel, hut 






00 

85 

2.21 

G17 

Trace 

Nil. 

Nil. 




nearer the reef and at a 
greater depth. 






i 

l'.5 

05 

From the same tunnel, hut 

1 12 

G12 

Nil. 

0 0018 

2 6 




15 feet nearer tln^ reel' 






j 

() 

10 

Frotn tlic Bonanza reef, 

2 24 

1788 Princi 

0.027 

O.OllG 

11.6 




NenllKtrn, Oiajj^o, within 


pally 







G feet of a neh aurileious 


mica 







reef. 


and 

feme 

oxide 




k 

I 

8 

GOO 

40 

20 

From the same mine, at the 
same lU'pth, but nearer 
the reel' 

From a cl iff west of Saddle 
Hill reef, luMir Dunedm. 

2.21 

1.12 

1217 

720 

Nil. 

0.008 

0 0078 

Nil. 

7 3 

Nil. 


Vi 

200 

20 

From the same locality, hut 

2.24 

1073 

Nil. 

0.0005 

0.5 




nearer reef. 







H,. ycllowi.sli color, Hoft, very much <le<H>m])OHtMl. 

/). Mica»HcluHl-, ycllowinh color, Koft, very nmch dcoompoKcd. 
c. Micn-HcIuHt, ycllowinh color, soft, very much decomposed. 
r. Ilartl mica-Hchist, with (piartz-haiuls J iuch wide. Specimen much stained 
witli oxide of iron. 

c. IA*rric oxith‘ from a slight fault in mica-scliist, showing a little (puirtz in veins. 
/. (Juartxand fi‘rri<^ oxid(‘ from broken country. 

//. Solid mica»schist, much stained by hu'nc oxide. 

A. hku’ric oxide ni\d broken mica-Hchist, from a small fault. 
i Solid mica-schist, much discolortvl by ferric oxide. 

Nhich decompoKe<l, very soft mi(‘a“Hchist, stained brown with ferric oxide. 

A. Much th»composed, very soft micmschist, stained brown with fen*i(‘ oxide. 

/, Ferric oxide liUing the space in joint-planes of phyllite, whieli forms the 
country-rock of this retd, 

m, J)et‘ompoHed phyllite, much stained with ferric oxide. 
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Table XSlll.—Anahjses of Samples from Skij^per's JRoad, near 
Lake Wakatipu, Otago. 


Sample. 

Distance fiom Aii- 
rifeious Reef 

Appiox. Depth 
Below Surface. 

Locality. 

Weight Taken 

Weight of Con- 
centrates. 

Percentage of ^ 
Sulphur j 

Yield of Gold 

1 Ah eld of Gold per 
Ton of Conntrj- 
1 Rock 


'Feet. 

Feet. 


Lbs. 

Grams. 


Grs 

Grs. 

a 

At least 2 or 

50 

All these 

2.24 

1127 Chiefly 

Nil. 

Nil. 

Nil. 


3 miles. 


samples tvere 


ferric ox- 







taken from a 


ide and 







deep cutting 


mica. 







on the Skip- 






b 

About -j-mile 

80 

pers’ road. 

2.24 

1410 With a 

ti 

Cl 

Cl 


from a. 




little pjrite. 




c 

At least 1 

30 


2.24 

1723 




d 

mile. 

About 1000 



2.24 

1093 With a 

1. 384 

ll 

It 


yards from c. 




good per- 









cent’g of 









suiph’d's 




e 

From near 

40 


2.24 

834 Showed 

Nil. 

Cl 

ll 


sample d 




nop’ rite. 




/ 

About 3 mi’s. 

20 


2.24 

1568 

u 

t { 

( i 

g 

From near 

40 


2.24 

817 

Trace. 

ll 

C C 


sample f. 








h 

Over 2 miles. 

10 


1.12 

716 

Nil. 

It 

ll 



Near samp. h. 

15 


1.12 

618 


( ( 

C ( 


a. Ferric oxide from joint-planes. 

b. Broken rock ; quartz and mica, with much contorted mica-schist, filling a 
jfissnie 18 inches wide. 

0 . Broken rock ; quartz and mica. 

d Broken rock, but the sample contained a few large ciyatak of pyrite, Koine- 
what decomposed to ferric oxide. 

c. Broken rock, but showed no pyrite. 

/. Quartz and broken mica-schist and feiTic oxide, from a fault-lisflurc or hule- 
formution, about 1 foot wide, in mica-schist. 

g. Quartz and broken mica-schist. 

L Ferric oxide, filling joint-planes in broken mica-schist. 

L Quartz-interlaminations, about 2 inches wide, in mica-Hchist, much stained 
with ferric oxide. 

In the case of samples marked ^ the whole of the sample left after concentra- 
tion was assayed after the concentrates had been examined. 
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Table XXIY . — Analyses of Samples from the Vadose Hegion of 
the Ohiiiemuri District, Thames, New Zealayid. 


Sample 

Depth Below 
Surface. 

Approx Distance 
fiom Reef. 

Locality. 

Weight Examined. 

Weight of Con- 
centrates. 

Yield of Gold. 

Yield of Gold 
per Ton 

Yield of Silver. 

Yield of Silver 
per Toil. 


Feet. 

Feet 


Lbs. 

Giains. 

Grains 

Grs 

Giains. 

Grs 

a 

10 

30 

From a cliff on 
the tramway be- 
tween the Crown 
mine and Karan- 
gahakc, Thames 

4.48 

1634 

0.0014 

0.7 

0.0018 

09 

h .... 

20 

180 

From a fault. 

1.12 

All assa\ ed. 

0.009 

18 

0.003G 

72 

c 

20 

850 

a £( 

4.48 

10(15 With a 
good per- 
cent’ ge of 
pyrite. 

0.00G2 

.10 

0.0054 

2.7 

d 

30 

120 

East of the Ma- 
ria reef, Karanga- 
hake, Thames. 

4.48 

873 With a 
good pro- 
portion of 
pyrite. 

Nil. 

Nil. 

Nil. 

Nil 

c .... 

80 

3 

Great Wood- 
stock Tunnel, Ka- 
ran ga hake, Thms. 

1.12 

All assayed. 

0.0095 

19 

0.0034 

68 

/ 

10 

GO 

From a cliff on 
tlio Wai taw beta 
river, near the 
Crown mine, 

Thames. 

2.24 

tt (( 

0.0013 

1.3 

0.0042 

4.2 

9 

GO 

24 

Near the Grace 
Darling reef, Wai- 
tekauri, Thames. 

4.48 

1372 

0.00C3 

3.15 

0.0048 

2.4 

h 

00 

30 

]^\->ot-wall side 
of Crown reef. 

4.48 

84(5 Witli a 
large per- 
centage of 
sulphides. 

Nil. 

Nil. 

Nil. 

Nil. 

% 

25 

GOO 

200 yds. off 
hanging-wall side 
of the (irown reef, 
U) ft. above the 
Wuitawheta river. 

2.24 

017 Nearly 
all pyrite. 

0.0093 

9.3 

0.0126 

12.6 

,/ 

10 

GGO 

From a fault ox- 
poHtul on the train- 
way between the 
(h’own mine and 
Karangaliukc, Tiuuues. 

1.12 

All assayed. 

0.0071 

14.2 

0.0014 

2.8 


a. Ni'tuly white ; hbowcd a good percentage of pyrite. 

h, Ken ic oxide and higher oxides of maiigauef'C, with a little quartz. 

c. Solid, hard andesite, oxidized to hrown ctdor on outside. Showed a good, deal of pyrite. 

d. Haul, grecuiish hypersthene-andcHito. Showed a good deal of pyrite. 

e. Kerrie, oxide and higher oxides of matiganeso, ironi a vein near the foot-wall of the Great 
Woodstock reef, 

/. Andt‘Hile ; brown, much docompoHcd. No pyrite visible. 

{} Decomposed andesite and ferric oxide, from a fault. 

h, ilrnylsh white andesite, much oxidized on the outside, but showing pyrite freely when 
broken. 

1 Nearly white, very silicoons rhyolite. Showing pyrite freely, 
i Ferric oxide and higher oxides of mangunoso. 




New Chum Railway Gold Mining Co., Bendigo, Victoria. 
j4i 2545 feet Level 

Yield of GoriJ in grains per ton of country rock. O— -Percentage of SxJLPiroit in samples analyzed. 





►iagram 2. (See Table II.) 
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t- *4) 

Plot) 


^ 75 100 133 

South St. Munoo Gold Mining Co.. Bendigo. Victoria. 

At 1180 feet Level 

■Yield of Gold in grains per ton of countrj root. C>— — Percentage of ScrLPiiCE in samples analj 7 ©d. 




g 



Percentage of Sui-PIIUR in samples analyzed. 






Diagram 4. (See Table YI. ) 



Diagram 5. (See Table X. ) 
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Diagram 6. (Se^Table XIII.) 
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Tipperary Gold Mining Co.. Otago, N. Z. 

Low level Tunnel. 

Yield of &ou> in grains per ton of country rock, O**-”** Percent of Sulphur in samples analj zed. 







Samples taken near Lode 





X>iagraixi 8. (^See Tables XX. and XXT. ) 
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The Origin and Mode of Occurrence of the Lake Superior 
Copper-Deposits. 

BY DR. M. E. WADSWORTH,* HOUGHTON, MICHIGAN. 

(Lake Superior Meeting, July, 1897.) 

The region about the south shore of Lake Superior is to 
geologists one of the most interesting districts of the United 
States, embracing as it does, in a limited area, old crystalline 
rocks, together with forms that are almost in their original 
condition of a beach sand and mud. In this region was first 
established the base of the geological column, the Azoic (“ with- 
out life System of Foster and Whitney, or the Archaean 
the beginning ’’) of Dana. Overlying this system are found 
the sandstones and limestones of the Palaeozoic ancient life ’’), 
and their associated lava-flows (Algonkian ?). 

These systems possess a strong economic interest, owing to 
the stores of iron in the Azoic and of copper in the Palaeozoic 
or Eozoic of this district, which forms one of the most import- 
ant mining regions in America, 

The geology of this section is so difficult and complicated 
that, in its general discussion, perhaps no proposition can be 
stated concerning any poidion of it to which exceptions cannot 
be taken. Indeed, out of the general discussion of difterent 
points cornea in time the truth, and various geologists, even now, 
are working over this region in the endeavor to arrive at some 
consensus, or at least to determine upon what points they can 
agree, and upon what points ditfcrence of opinion will have to 
exist between them at present, until further evidence can be 
obtaiiUKl The writer will endeavor to give in a brief form 
that» which appears to him at present to be the most correct 
statement of the geological structure of the region, admitting 
that from time to time, as more complete evidence shall be ob- 
tained, ho expects to elumge his views in the future, as he has 
done in the past, it that evidence shall cause him to believe that 
he has been nnstaken. 

* l^resident of the Michigan College of Mines, 
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The rocks south of Lake Superior have been formed in three 
•ways: 1st, by mechanical. means; 2d, by eruptive, igneous, or 
volcanic agencies; 8d, by chemical action. 

FuAGMBNTAIi OB DeTRITAL EoCKS. 

The mechanical agencies of the Azoic time acted upon some 
prior-formed rocks in like manner as we see rain, winds, waves, 
frosts, etc., now breaking down the rocks of the present day, 
causing them to be deposited as soil, mud, sand and shingle, 
forming detrital or sedimentary deposits. Such detritus one can 
see upon the shores of any lake or sea, being in many localities 
variable in its composition, and oftentimes abruptly changing 
from fine mud to sand, or even to coarse shingle. At other 
localities upon the same lake shore one may observe a nearly 
uniform sand, mud or shingle stretching away as far as the eye 
can reach along that shore. Like uniformity and like abrupt 
changes are seen by the geologist in the rocks formed from the 
ancient muds, sands and shingles of the early seas and lakes. 
These deposits may have remained on the surface of the ancient 
beach, or may have been deeply buried under succeeding de- 
posits ; but whatever may have heeu their position relative td 
the earth’s surface, they have been greatly changed or altered 
from their original condition, although the evidences of that 
original condition remain plainly visible to him who has learned 
to read the worn, torn and worm-eaten book of Nature. In 
truth it may be said that no event can take place without leav- 
ing its effects behind, and these can be interpreted with greater 
or less clearness until their record has been entirely obliter- 
ated. 

To return : we find that these old muds, sands and shingles 
have been acted upon, and metamorphosed or altered, by lieat 
from the earth’s molten interior, or from contact with igneous 
or volcanic rocks, with their accompanying hot w^aters. Or, 
again, these deposits have been affected by hot or cold waters 
percolating through them, hearing materials which chemically 
act upon them; or, again, they may have been subjected to 
greater or less squeezing and pressure during the formation of 
the numerous wrinkles that old Mother Earth now wears upon 
her rugged face, deeply furrowed by her tears. 
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Of all the agents of consolidation and change in rocks, the 
chemically active waters are, to my mind, the most potent; 
and it appears to me probable that dry heat and pressure alone 
would be unable to produce any general and wide-spread rock 
alteration if it were not for the intervention of the percolating 
waters found in all rocks, so far as man has been able to pene- 
trate the earth. These waters convey the heat and other chemi- 
cally active agencies to the places where they can act. Meta- 
morphosed or altered detritus forms the oldest known rocks of 
the Lake Superior district; and we know of the original rocks 
only by the remains of that debris now found in them. From 
the character of that debris it appears that here the original 
rocks were of igneous or volcanic origin; that is, they made up 
the early-formed crust of the earth, or else were produced by 
the earth’s primitive volcanic activity. 

When the muds, sands or shingles have been consolidated, 
they are found to form rocks that differ not only in the fine- 
ness of the material in them, and in their chemical and mineral 
composition, but also according to the difterent agencies and 
conditions to which they have been subjected. 

Thus it is that the muds have formed the rocks known as the 
argillites, shales, most schists, and some gneisses; the sands 
have formed sandstones, quartzites, some schists, and most 
gneisses; while the shingle generally finds its expression in the 
conglomerates. 

The ti‘rm argillite is used to indicate those consolidated 
muds that were largely composed of clay or argillaceous mate- 
rial ; but the argillites arc commonly known as slates — a term 
jjropevly applied to an argillite only when it has been subjected 
to ]>ressnro and clumiical action to such an extent that it has 
the property of splitting indefinitely into thin plates that have 
no relation to the original structural or sodimontary planes of 
the r()(*k. This property of being cleaved or split is known as 
(h‘avag(‘-, and it is l)y no means confined to that variety of argil- 
lite known as slate. 

When (piartz sands form a sandstone winch subsequently has 
been greatly altered or indurated, so that the rock is composed 
of a very hard, compact mass of (piartz grains, this variety of 
saudstoiui is ktiown as quartzite. 

The terms schist and gneiss arc used to designate all those 



672 ORIGIN AND MODE OF OCCURRENCE OF COPPER-DEPOSITS. 


altered or metamorpliosed detrital deposits whose minerals are 
arranged in more or less parallel bands, along which the min- 
erals tend to lie flatwise or lengthwise, causing the rock to split 
into more or less regular plates parallel to these hands. These 
bands (or foliation of the rock) may or may not be coincident 
with the original planes or lines along which the detritus was 
deposited (planes of sedimentation), and in the majority of 
cases in the Lake Superior region do not so coincide. A strik- 
ing example of this can be seen in the schist north of Teal 
Lake, where the planes of deposition run approximate!}" north- 
east and southwest, while the foliation runs east and west. 

The varieties of schist are named according to some one or 
more of the prominent minerals in them, as hornblende-schist, 
mica-schist, quartz-schist, chlorite-schist, actinolite-sehist, etc., 
for the schists that contain the minerals hornblende, mica, 
quartz, chlorite, actinolite, etc. 

The altered muds, sands or shingles may be found continu- 
ous over large areas ; or they may be found, like their modern 
representatives, to pass gradually or abruptly into one another. 
Thus it is, that a quartzite is found to pass into quartz-, mica 
and chlorite-schists ; chlorite-schist into argillite-, conglomei’ate 
and hornblende-schists, etc. 

Eruptive, Yolcanic or Igneous Rocks. 

To obtain a fair idea of rocks of this character it is neces- 
sary to do as we have done with the detrital or fragmental 
rocks ; that is, to observe carefully the recent forms and trace 
out their structure and various modifications and alterations. 
If this is done, we see that the eruptive rocks are changed or 
metamorphosed not less, and often more, than the Kcdimeutary 
formations. 

This may be illustrated by allowing some of the molten iron 
from our furnaces to run at waste over the ground and into the 
crevices, so as to be left exposed to the air, frost, wind ami 
snow. It would first solidify, then crack or form joints, as all 
rocks do, and, owing to the action of the air and rain, it would 
decompose and alter until finally it would form an earthy iron- 
ore totally unlike the original iron. Why is this ? The answer 
is that the iron, when it passes from its furnace, is exposed in 
the outside atmosphere to conditions entirely unlike those iii 
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the furnace, and it must change its state to conform with those 
changed conditions. So, too, the eruptive rocks, coming in a 
liquid state from the interior of the earth’s furnace, cannot 
endure unchanged the conditions which exist at or near the 
earth’s surface. They are in an unstable condition, and must 
be made over into a more stable mineral composition. The 
agencies that produce that change appear in general to be the 
same as those which alter the sedimentary formations, namely, 
percolating waters chemically active, pressure, and heat or 
cold. The first stage is the change from a liquid or pasty 
mass into a solid one ; later there comes a more or less variable 
alteration that extends throughout the entire mass, and causes 
variation in the mineral composition and structure — so much 
so that at times no trace of its original condition remains, 
unless it be its form or its relative position to other rocks. 

It is in consequence of these changes that rocks which were 
originally peridotites or olivine rocks are now called serpen- 
tines, actinolite-schists, talc-schists, dolomites and ver de-antiques ; 
and that formerly molten basalts are now designated melaphyrs, 
diabases, gabbros, diorites, eclogites, amphibolites, hornblende- 
schists, chlorite-schists, mica-schists, amygdaloids, traps, green- 
stones, variolites, granites, etc. It may here be said that schists 
result from the alteration of erui^tive rocks, as well as by the 
change of sedimentary ones. It is alteration that causes rocks 
that were formerly andesites to be named plionolites, propylites, 
hornblende-porphyries, porphyrites, diabases, melaphyrs, di- 
orites, granites, schists, etc. In the same way what were once 
trachytes now form felsites, plionolites, porphyries, granites, 
gneisses, etc.; while the rhyolites, in their alteration, form 
rociks (‘ailed felsites, petrosilex, gneisses, granites, (juartz-por- 
phyries, et c. It will be inferred from the above that the altera- 
tion ol* eruptive rocks produces, from forms that were origin- 
ally distuud, forms that arc now known by the same name; 
while, on tbe other hand, the varieties due to the various 
eluinges of a single rock-species are vciy numerous.* 

^ See JMh Mm. Comp, Zool, 1878, V. pp. 39, 40, 276-287 ; 1880, VII., 1-164, 
183-1B7, 331-565; Pm,, Mob, kSoc, Mt Jlut, 1877, XIX., 217-237, 809-316; 
1880, XXL, 91-103, 243-274, 288-291; 1888, XXII., 412-482, 485-489 ; 1884, 
XXIIL, 197-211; Mm, Mm. Comp, Zool, 1884, XL, 208 pp.; Am, Jour. ScL, 
1884 (3) XXVIIL, 94-104; Sedence, 1883, I, 127-130, 641 ; 1884, IIL, 486, 487 ; 
IV , 111 ; BuU* Mhm, (hoL Survet/^ No. 2, 1887, 159 pp.; Meport o/ JStatc JBoard oj 
OeoL Midi., 1893, 196 pp. 
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The structure of eruptive rocks diifers very much according 
to their composition, and according to the conditions under 
which they have cooled, whether slowly or rapidly, as well as 
according to the conditions to which they have been subjected. 
That is, a mass slowly cooling will he found to contain much 
larger mineral forms, known as crystals, than a mass suddenly 
chilled. 

The eruptive rocks, in their relations to their associated 
country-rocks, will also vary according to the conditions in 
which they hav^e reached their present position relative to the 
latter. 

If the liquid material (lava) forces its way through a rock, 
filling the cracks that then existed in it, like putty filling a 
crack in glass, the solidified lava is known as a dike. It is to 
be observed, however, that when rocks are hut little consoli- 
dated, the eruptive or liquid material tends to force itself along 
the planes of deposition of the sediments, or parallel with the 
foliation, or else to break irregularly through whatever portion 
of the rocks ofiei's the least resistance. But when the rocks 
have become solid then the flow roore commonly takes place 
along cracks or fissures in the rocks, which extend across the 
country, like the cracks made in a thin sheet ot ice. Usually 
these dikes may he distinguished by their being closely welded 
on each side to the country-rock, which is often indurated or 
hardened at the point of contact; by their being compact and 
fine-grained at the junction with tlie country-rock, thus show- 
ing a rapid cooling, due to their coming in contact with the 
cold sides of the fissure ; also hy their being more coarsely 
crystalline or coarse-grained toward the center than at the 
margin, because of the greater length of time the interior 
mass would occupy in cooling; oftentimes by the dike's hold- 
ing, on both sides, fragments of the country-rock caught up in 
the passage of the lava. The diflference between the sides and 
the interior of dikes is usually loss marked in those rocks 
which contain over 66 or 70 per cent, of silica than it is in 
rocks containing a less amount. Oftentimes the lava welling 
up through a fissure will fail to reach the surface, and usually 
hardens in a wedge or knob-like fomi ; but at other times it 
flows out over the surface of the earth, in like manner as water 
passing through a fissure will flow over the surface of ice. 
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When lava flows out from long fissures and floods the eountrjj 
such flows are commonly known as fissure or massive erup- 
tions, especially if the flows were attended with little or no ex- 
plosive action. If the lava passed through a hole or channel 
like a ^^hlow hole^’ in ice, and especially if attended with ex- 
plosive action, it is commonly called volcanic. The massive 
fissure or quiet eruptions were more common in the earlier 
days of this earth; the explosive or volcanic eruptions have 
been more common in later geological time, or recent times. 
Since all these are manifestations of the same general cause, we 
shall use the term volcanic to include all eruptive phenomena. 

Lava-flows may generally be distinguished from dikes or 
intrusive masses of lava by the underside of the flow being 
welded to the country-rock, by its having baked or indurated 
the underlying rock, and by its holding fragments thereof; 
also by its conformity to the original surface of that underlying 
country-rock. The flow is usually fine-grained or compact at 
its base, owing to rapid cooling; but a short distance from its 
base it presents a coarser texture, and usually shows the coarsest 
structure below the center of the flow, at a point which was the 
longest in cooling. The upper surface of the flow is commonly 
wrinkled, cellular and slaggy, if it has not been worn off. The 
overlying country-rock is laid down upon this surface ; it con- 
forms to the inequalities of the underlying lava, and generally 
contains fragments derived from it. The overlying sediment- 
ary rocdc is not welded to the underlying lava, nor does one 
aftect the other in any way, unless it be by clxemical action. 

When any explosive action has taken place, ashes and larger 
fragments of the disrupted lava are strewn about, which may 
or may not be subsequently worked over by wind and water. 
Lava, as soon as it is exposed to the waves, is worn away, like 
any other rock, and we find its worn detritus deposited by its 
side, ere the main mass has been cooled. 

Oil EMic ALLY Deposited Materials. 

Every kind of chemical deposit, even sublimation-deposits, 
can be considered as resulting from the solution of mineral 
matter through the agency of the chemically active percolating 
or surrounding waters, which remove substances from one 
locality to another, or replace one material by another. While 
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it is not always true, it is a general rule that ore-deposits are 
most commonly found in regions of eruptive rocks, either an- 
cient or modern, as in connection with such rocks the perco- 
lating waters are apt to be warmest and most highly charged 
with chemically active solvents. 

The history of ore-deposits seems to be the result of a wiiver^ 
sal law which affects all rocks of the globe, and may be con- 
sidered as the one which governs the entire universe, physical, 
mental and moral. 

For the physical universe this can be best formulated, per- 
haps, as the degradation and dissipation of energy; the passage 
from an unstable condition towards a more stable one ; the tendency 
of all things to harmonize with their enoiromient^ that is with their 
surroundings^ or loith the conditions to lohich they are exposed. 

This appears to be the law under which the universe has 
moved from its beginning, and under which it will continue its 
course uniformly towards the end; no turning back can occur, 
and no enci’gy once lost can be restored, except by the same 
Almighty Power which gave it birth."^' 

Without entering at all upon the question of the source of 
those rocks which have come from below the earth’s surface 
and are known as eruptives, and which form a large ]>ortion of 
the so-called metamorphic scries, it is sufficient for the present 
purpose to state again that, when they reach the exterior of the 
earth, their condition is one not adapted to the circunishuices 
in which they are hereafter to exist. For a time, at least, prior 
to their eruption, they have been under far ditterent ctouditions 
from the atmospheric ones on the earth’s surface; of lUHJCSsity, 
after their extrusion, there will be a constant tenden<*y on their 
part to conform to these changed conditions. This is mani- 
fested most conspicuously in their loss of heat, and in their pas- 
sage from a liquid to a solid condition. When solid, these 
rocks may bo said to be in an unstable condition, in respec^t to 
their temperature, and also to the ehoinical eonibinations 
formed on solidification. Their chemical arrangements, as 
manifested in their constituent glass and minerals, are such as 
to necessitate a transference to a condition in whicdi they will 
be less acted upon by the agencies to which they are exposed 

^ SciencCj 1883, I, 641; Lithological SiudkSj 1884, p. 1. 
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on the earth’s surface, and this leads to degradation, dissipation 
and loss of energy on their part. In other words, the rocks 
tend to pass from an unstable towards a more stable state. 
The rapidity of these changes depends not only upon the 
chemical constitution of the rocks, but also upon the special 
circumstances in which they are placed. In the basic rocks, or 
those containing much iron, magnesium, calcium, aluminum, 
etc., the alterations are comparatively rapid, but in the acidic 
rocks nuich slower. If rocks of eruptive origin are studied 
under the microscope, these alterations can be readily traced 
from their earliest to their latest stages, and are usually found 
to be in a ratio to the ages of the rocks or to the particular in- 
fluences to which they have been respectively subjected. 

It is these alterations that have led to the multiplicity of 
rock-names, and to the confusion of nomenclature ; lithologists 
and geologists, as a rule, formerly supposing that as a rock then 
was, so it always had been and always would be. For exam- 
ple, the lava-flows of Keweenaw Point, which were once identi- 
cal with the modern basaltic lavas of Mt. Etna and of Kilauea, 
are now designated, on account of their alteration and age, as 
melaphyrs, diabases, diorites, etc.; andesite in its changed 
guise is designated as propylite, diabase-porphyrite, porphyrite, 
dioritc, etc. ; rhyolite as felsite, quartz-porphyry, potrosilex, or- 
thofelsite, etc. ; peridotites, or olivine rocks, as serpentine, talc- 
sebist, etc. 

The propylite of the Comstock Lode, Kevada, is a striking 
example. The present writer w^-as the first to call attention to 
the fact that the fortieth parallel propylites were altered forms 
of pre-tei’tiary and tertiary andesites. The position then taken 
has been fully confirmed by Dr. G. F. Becker, f and by his col- 
league, Arnold Kagne. Dr. Becker further states that every 
decomposed rock in the district has boon taken for propylite. 

The al)ovc mentioned changes, or alterations, in rocks of the 
same <*omi)ositi()n appear to be largely dependent upon the ac- 
tion ol* infiltrating waters, and their rapidity seems in a ratio to 
the temperature of the waters or to the solvents contained 
therein. These alterations appear to consist, in general, of 
molecular transfereuecs or chemical reactions in the rock-mass 

* Bull Mm. (hmp, Zool, 1879, vol. v., pp. 281, 2^55, 286. 

f (leology of tlie Comstock Lode and the Washoe District,’^ 1882, pp. 12-150. 
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as awliole, and are not confined to special minerals; hence has 
resulted the failure of theories of mineral pseudomorphism to 
explain rock-metamorphism, or alteration — the pseudomorphic 
changes in the rock mass being but the resulting accident ot 
the greater and more general metamorphosis. In the pi’ocess 
of alteration the original glass of the rock is broken up, form- 
ing various minerals according to its composition, while the 
original crystallized minerals are changed to a greater or less 
degree, the resulting minerals being quartz, various ores, anhy- 
drous and hydrous silicates, carbonates, etc. In the course of 
these changes there is everywhere seen a tendency to localize 
these secondary products, especially the ores, which results in 
the removal of material of one kind and the deposition of an- 
other in its place, or in the filling of fissures and cavities in the 
rocks. It is not uncommon to find in rocks minute veins that 
under the microscope show variation in their filling as they pass 
through different irLineimls. What has now been described as 
taking place in one rock takes place in all, and frequently with 
various interchanges and reactions between the different associ- 
ated rocks. If we pass gradually from alterations seen in the 
rock, and from the minute fissures observed under the micro- 
scope, to deposits visible to the unaided eye, to joint- or fissure- 
planes that traverse large masses of rock, or to cavities, or to 
any condition of rock structure that will admit the chemical 
deposition of mineral matter, then, whether we have ore-do- 
posits or not seems to depend upon the activity of the altera- 
tion and upon the amount and kind of matter brought together. 
It is well known that valuable ore-deposits arc more apt to oc- 
cur in regions of eruptive and altered rocks than clscwhcri^ 
From what has been said above of the general alteration ot 
rock-masses and the partial localization of their contained 
mineral matter by percolating waters, it would appear that 
this cause gives rise to all chemical deposits, even to subliiua- 
tions, when the water is vaporized. 

Instead of the re-deposition of the mineral matter, taken up 
by the percolating waters, in the rock or in eontignouB cavities, 
it may be borne far away, appearing in spring-, river-, lake-, 
and ocean-waters, and in deposits laid down by them ; iwecip- 
itation taking place wherever the proper conditions exist 
Of all theories that ‘have been proposed to account for ore- 
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deposits, there are few that are not correct for some form of 
ore-deposits in certain localities. While the practical use of 
these theories is to aid us in understanding the nature of the 
deposits, as a guide to their exploitation, the difficulty in such 
a use lies in the abuse of the theories through their indiscrimi- 
nate application to all deposits. Our rule ought to he to study 
every deposit thoroughly, and after the study, not before, apply 
that theory which best answers to the observed conditions, 
since all theories ought to he generalizations or expositions of 
observed facts, with a prophecy for the future. 

It is not doubted here that all ore-deposits not of a mechan- 
ical or eruptive origin can be attributed to the general altera- 
tion and change in rocks that result from the general dissipa- 
tion and degradation of the potential energy of the constituents 
of the earth’s crust, in the universal passage of matter from an 
active towards a passive and inert condition. 

This general alteration manifests itself in a universal chemi- 
cal or molecular transference — a transference of material, lead- 
ing to the segregation or localization of the ores in the places 
in wliich they are now found ; it manifests itself in the depo- 
sition of mineral matter in the veins and cavities of the rocks 
themselves, in deposits from springs, in bogs, lakes, etc. Trom 
this it would follow that all ore-deposits not eruptive are, as 
regards the earth, superficial phenomena and dependent on its 
external agencies, although they may be deep enough so far as 
man is (ioucerned. 

Again, few of these ore-deposits would bo expected, except 
in regions in which percolating rvaters and their attendant 
metamorphism have been efficient agents;* "while the various 
forms of ore-deposits would be associated "with, and grade into, 
one another. 

1 1' w'e start, as all geologists do, wuth the belief in an originally 
hot fluid globe, all rocks must have been derived, primarily, 
from fluid material, which coutainod dll the elements of the 
metals or ores. The dotrital roeks "woidd naturally ])artako of 
the metalliferous character of the rocks from which their ma- 
terial eaimg and each would develop similar changes; wlulo in 


^ Whitney, (hntribudom to Amenmn Geology^ 18S0, voL i. '‘The Auriferous 
(Iraveln of the Sierra Nevada of California/’ pp. 310, 331, 350, 35G. 

VOL. X3CVXL— 45 
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the chemically and organically formed rocks, in accordance 
with their special conditions of formation, there can readily be 
suggested agencies for the precipitation of useful ores through- 
out their mass during the time of their formation, the precipi- 
tated ores being gathered up subsequently in all those rocks by 
the percolating waters. 

In order to estimate the value of deductions regarding the 
source of the ore in an ore-deposit, based on the analysis ot 
the minerals in the adjacent country-rock, it is necessary to 
look into the question of the origin of these minerals. If the 
consolidation of rocks be taken as a reference-point, the min- 
erals they contain naturally fall into three classes : 

(1) Those of prior origin — foreign. 

(2) Those produced by solidification (crystallization) — ^indig- 
enous. 

(3) Those produced later by alterations in the rock-mass, or 
by infiltration — alteration, or secondarj".* 

The first can conveniently be separated into two divisions : 

(a) The minerals that are characteristic of the rock, what- 
ever may be its locality or age. 

(b) Those that are accidental, as, for instance, fragments 
caught up during the passage throrrgh or over another rock. 

Any rock may contain all three classes, or only one or two, 
as the case may he. A few minerals may ho cited in illustra- 
tion. Olivine in the peridotites is an indigenous mineral, hut 
in the basalts it is foreign, although generally characteristic of 
them. Serpentine, when not an infiltration- or veinstone-prod- 
uct, is always a secondary, or altcration-prodiict. 1 lornblendo 
ill the recent andesites is foreign, hut in the older andeHites, 
and in almost all the older rocks of every kind, it is eitlu^r a 
secondary product or is a more or less altered niincral. The 
micas, feldspars and quartz occur as foreign, indigenous and 
secondary products. As a rule, quartz is foreign in the mod- 
ern rhyolites; hut in the older rocks of this typo, felsites and 
quartz-porphyries, it is both foreign and secondary. All hy- 
drous oxides and silicates and all carbonates appear to be alt era- 
tion-products. 

Generally, the different modes of occurrence of tliese inin- 

Bull ifus. Comf. ZooL, 1879, V., 277, 278 j Lithological iSludieSj 1884, pp. 
25-29. 
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erals can be readily distinguisbed from one another under the 
microscope by the characters of the minerals and their rela- 
tions to the rock-mass. 

Further, it may be pointed out that olivine, except in the 
more recent rocks, is found, as a rule, to be more or less altered 
to, or replaced by, serpentine, quartz, iron-ore, carbonates, etc. ; 
augite by hornblende, biotite, chlorite, etc. , and feldspar by 
quartz, kaolin, micaceous and chloritic minerals, etc. 

These changes are so common that it is rare to find in the 
older rocks original minerals that remain unchanged. 

Again, almost every mineral in rocks is found to contain in- 
clusions of other minerals, of glass, liquid and gases, thus viti- 
ating conclusions drawn from chemical analysis of the mineral. 

Since ore-deposits are, in general, associated with altered or 
metamorphosed rocks, and occur in regions in which thermal 
waters have been active, the country-rock wmiild naturally be 
more or less changed, and sometimes completely decomposed. 
In the process of the formation of the ore-deposit it may 
happen that the ore-material will be entirely removed from the 
adjacent rock, or in this rock there may be deposited ores that 
never existed in it before, the ore-material having been brought 
from a distance by the percolating waters. 

From the above it follows that chemical analyses alone, either 
of the country-rock or of its enclosed minerals, lead to unreli- 
able conclusions as to the source of the ores, as they indicate 
only what now is in the rocks or minerals, and not what might 
originally have been there. Hence it is an unphilosophical 
procediu'c to build any general theory upon such analyses, 
unless they are carefully Bupi)lemented by thorough and accu- 
rate geological study of the region iii question. 

If, by chemical analysis, any accurate deductions are to be 
drawn Regarding the original source of the ores, it seems nec- 
essary that we should select those rocks and minerals that are 
known to be iresli, .unaltered and free from any foreign inclu- 
sions that would influence the result. Such materials could 
only be obtained from recent lava-flows, recently-formed lime- 
stones, ; for no rock that lias been exposed for a consider- 
able length of time to the earth’s meteoric agencies can, in the 
writer’s opinion, be said to be in its pristine condition. Most 
analyses of siicli rocks fail to include tests for sufficiently minute 
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quantities of such materials as comprise the more valuable ore- 
deposits to permit, as yet, any general conclusion to be drawn 
concerning the source of all our metals. The nearest approach 
to any such analyses is in the meteorites, which are unaltex-ed, 
and which in composition and structure are closely allied to 
certain classes of terrestrial basic rocks. These meteorites are 
found to contain copper, tin, nickel, cohalt, arsenic, zinc, man- 
ganese, chromium and graphite, and it is probable that more 
careful and searching analyses would reveal in them and in the 
lavas other and more precious metals. 

While it would appear probable that the elements of the 
useful ores were often originally disseminated through the 
rocks, particularly the eruptive ones with which they arc asso- 
ciated, and were subsequently concentrated by the agency of 
percolating waters, proofs that this theory is correct are yet 
wanting — the theory resting mainly upon the observed struct- 
ure of the ore-deposits, their association and the alteration of 
the adjacent rocks, or, rather, upon the geological conditions 
observed, than upon any chemical analyses yet made. 

To summarise, it may be said that there is no known rock, 
unless a partial exception be made for rocks in the foroi of 
glass, that will not absorb water to a greater or less extent. 
All these waters ai'e chemically active, whether hot or cold, 
pure or impure; but it is undisputed that heat, pressure and 
substances in solution in these waters greatly increaBo tlielr 
chemical activity. It has been pointed out that all rocks are 
modified or changed throiighthe action of the chemically active 
waters, leading either to the decomposition of the rocks or to a 
change in their mineralogical composition, and often to a change 
in structure. It has fiirther been pointed out that the alt(*ra- 
tion brought al)Out by chemical waters, with or without heat 
and pressure, has caused rocks formerly of the same (diaratder 
and composition to take upon thcmBclves very diverse forms. 
It has also been noticed that rocks of entirely ditterent origin 
and structure, like sedimentary and eruptive I'ocks, hav(^- been 
so changed by this action that the resulting forms are indis- 
tinguishable from one another except by their geological mode 
of occurrence. 

All these changes in rocks have not proceeded without cer- 
tain mineral matters being removed ixom one locality and de- 
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posited in another. A strong tendency is observed towards a 
localization of the moved mineral product or towards special 
aggregation of mineral matters, some of which are economi- 
cally of no importance, while others form useful ore-deposits. 

One of the latest phases of the formation of deposits of value 
has been the filling in of fissures by the water-deposited quartz 
and other vein-materials, or, in case no crack nor fissure ex- 
isted, by the removal of the country-rocks along certain lines 
and their replacement by vein-matter. 

Veins thus formed may contain only quartz or other value- 
less minerals (gangue), or they may hold valuable metals and 
ores. It is in veins that the gold and silver north of Ishpeming 
are worked, the veins at the Ropes gold-mine being in serpen- 
tine, while the others are in diorite, granite, felsite and schist. 

Potsdam Sandstone. 

The rocks of the Azoic system were still subject to the same 
denudation by frost and rain, and by the beating of the waves 
after that formation had been completed, that the difterent 
members of the formation had been subjected to before the 
entire system was complete. That is, there ware deposited 
about the Azoic rocks mud, sand and shingle, in like manner 
as such materials are being deposited on our lake-shores at the 
present time. This detritus, on consolidation, has formed a 
series of shales, sandstones and conglomerates, which overlie 
or abut against the Azoic rocks, and are mainly composed of 
the dcb'ris of the latter. These sandstones form in Michigan 
the base of a new system of rocks which is generally consid- 
ered to be the equivalent of the Potsdam sandstone ; hence the 
rocks are provisionally said to be Potsdam. 

Houth of Carp river this sandstone can he seen lying against 
the Azoic quartzites and formed out of their debris. The 
MaiMiuette sandstono quarries arc in this Potsdam sandstone, 
and at. the base of the quarries may bo found conglomerates 
made up of the underlying Azoic quartzites, diorites, argillites, 
schists, etc. A short distance south of Hotel Marquette there 
can 1)0 seen, on the west side of Champion street, leading to 
Houth Marcpictte, some rounded diorite- and scdiist-knobs that 
liave been polished and grooved by former glacial action. These 
knobs have boon exposed by excavations made for the purpose 
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of obtaining filling for some adjacent ravines. A matter of 
special interest is the finding of small veins of the formerly 
overlying Potsdam sandstone that has filled the cracks in these 
rocks, which formed bosses or little knobs on the shores of the 
old Potsdam sea. The Potsdam sandstone is found overlying 
much of the serpentine of Presque Isle where the basement 
conglomerate is well exposed, although that conglomerate has 
subsequently been much altered, apparently, by heat and water. 
The same sandstone occurs further north on the shore, and on 
some of the islands that overlie the Azoic granite, which has 
been decomposed for some distance below the base of tbe saiicl- 
stone. This decomposition is seen to extend to the boulders of 
granite and other rocks in the basement sandstone and con- 
glomerate. These changes unquestionably have occurred 
since the sandstone was deposited, and the percolating waters 
are apparently the cause of the decomposition. The sand- 
stone extends, with greater or less continuity, along the shores 
of Lake Superior, around Keweenaw Bay and Keweenaw Point, 
wdiere it was first designated by the present writer as the East- 
ern sandstone. On Partridge Island clayey or sandstone frag- 
ments occur abundantly in the Potsdam sandstone itself. The 
writer has seen similar deposits in the process of foiuuiiig on 
the Bay of Pundy, in the vicinity of St. John. 

The Potsdam sandstone was evidently formed on the shores 
of a body of water accessible to ocean-tides, as it shows ripple- 
marks, sun-cracks, rain-drop impressions and mud-fioww, which 
indicate conditions that are only known to exist in l<)c*ulitics 
where the alternate ebb and flow of the tides occur. 

The age of part of the Eastern sandstone of Keweenaw l\)int 
has been proven to be at least Lower Silurian (Ordovician) or 
Cambrian and probably Potsdam, by the work of Mr. W. L. 
Ilomiold.^ A limestone west of L’Ansc in T. 51, It. Jbl, has 
been described in Jackson’s Report (1849, pp. J509, 452), Foster 
and Whitney’s Report (Part L, 1850, pp. 117-119), and in 
RomingePs Report (1878, L, part 3, pp. G9-71), and the lime- 
stone has been considered, from its fossils, to be of the Trenton 
or some adjacent lower strata. It was inferred by thieksou 
that the limestone undcrlieKS the sandstone, but by other ob- 
servers that it overlies it, although no direct contact was seen. 

* Avi, Joui'.JSci, 1891 (3) xliL, 170, 171, 417-419. 
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Excavations made by Mr. Honnold’s party and reported by 
liim have exposed the contact of the two formations, and show 
that the two form a synclinal or oblong basin-shaped fold, Avith 
the limestone overlying and in direct contact with the sand- 
stone. The existence of this fold in the sandstone, as Avell as 
in the limestone, removes the difficulty previous observers have 
had in reconciling the obviously tilted limestone with the sup- 
posed horizontal sandstone, and proves that the Eastern sand- 
stone exposed here is of Lower Silurian (Ordovician) or Cam- 
brian age, and older than this limestone. 

At the point of contact of the two formations, exposed by 
excavation, the sandstone and limestone appear to be con- 
formable, and they are seen constantly to agree in dip and 
strike. The contact between the tAvo formations is abrupt, 
Avithout any beds of passage, although the upper layers of the 
sandstone contain considerable carbonate of lime and magnesia, 
and the lower layers of the limestone much silica. 

These observations are considered to be confirmatory of the 
commonly received view of the Potsdam age of the Eastern 
sandstone ; while the contorted state of the sandstone Avhich 
extends at least a mile and a half west from the limestone lo- 
cality may have weight in deciding the relative age of the 
Eastern sandstone and the copper-bearing rocks. 

During the time of the deposition of the Eastern sandstone 
(Cambrian), or previous to it (Algonkian), volcanic aetiAuty 
again commenced, and the central portion of IvcAveenaAV Point 
is found to be composed of alternating hwa-floAvs, sandstones 
and conglomerates, deposited upon the tide-Avashed sinking 
shores of the sea. The intermittent volcanic actiAuty ceased for 
a while aft or the main range of Keweenaw Point Avas produced, 
leaving time for the formation of a broad belt of sandstone and 
conglomerate; but it again recommenced, making the l)asaltic 
rocks exposed along the northern side of KcAveenaAV Point at 
Eagle Harbor, Agate Harbor, Copper Harbor and elsoAAdiere. 

In connection with these lava-flows from fissure eruptions, 
Avbieli Avere of a basaltic ebaracter, there Avas also extravasated 
mindi volcanic material of a trachytic and rhyolitic nature, the 
(IBris of AAdiiidx makes up the chief portion of the interhedded 
sandstom^s and conglomerates. Tliese occur in the form of in- 
trusive (likes, bosses, etc. 
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Tlie basaltic rocks forming the southeastern range of Ke- 
weenaw Point, known as the Bohemian Mountains, were con- 
sidered by Poster and Whitney to be intrusive masses erupted 
subsequently to the formation of the main deposits in this 
region. Irving, however, considered them to be ordinary 
flows, like the rest of the lava-flows of Keweenaw Point. He 
does not advance any special proof of this proposition, while 
the phenomena presented by him, as well as by Poster and 
Whitney, appear to be more in accordance with the view that 
they are later eruptive masses, as held by the last-named ob- 
servers. However, the question is yet an open one. The 
basaltic lava-flows are known to be such, as pointed out by 
Poster and Whitney, and later by Marvine and Wadsworth, by 
their baking, or indurating, or hardening the underlying rock; 
by their sending dikes and tongues down into the rocks ; by 
their having caught up fragments of the underlying rock ; by 
their crystalline structure being best developed below the center 
of the flow; by their having no eftect upon the overlying con- 
glomerate, w^hile the debris of the lava is to be found in the base 
of the conglomerate ; by the overlying conglomerate and sand- 
stone filling cracks or forming clasolites* in the underlying lava- 
flow, etc. The thinner basaltic lava-flows were cooled quickly, 
so that they contained much glass, wkich was readily decom- 
posed by the percolating waters. In their altered condition they 
now form rocks known to geologists as melaphyrs, but which 
from their present structure are locally called amygdaloids. 

The thicker flows formed heavy beds, which cooled more 
slowly, became more crystalline and were less easily affccte<l 
by the percolating waters than the thinner flows. These heavy 
flows, owing to their alteration, now form roeks which by 
geologists are named diabases and gabbros, but locally called 
traps and greenstones. All of these melaphyrs, <liahasert aiul 
gabbros were once lavas of tbe same ebemieal consliiution, dif- 
fering only in structure and in those difterences of ci^stallixa- 
tion and mineral constitution that result from slow or rapid 
cooling. 


* See Report 'if State Board of Geol. Sur., Michigan, 1803, pp. 129, 330, 147, 
where the present writer defines a clasolite as a sedimentary deposit of mineral 
matter of indefinite length and depth, and comparatively small tluckness, difier- 
ing in character from, and posterior in formation to, the rocks which inclose it, 
i.e., the so called sandstone dikes of Biller and others. 
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These flows must have taken place over the gentlj^ sloping 
tide-washed shore of the sea, which shore was gradually, or it 
may be at times abruptly, sinking, so that the flows and their 
detrital deposits accumulated at about the same rate as the 
shore sank, making the shore-line approximately constant. 
This must have been the ease, or the lava-flows and conglomer- 
ates would have been more irregular and less constant; they 
would have covered a more limited area, and would soon have 
been built up beyond the reach of the waves. 

Owing to the natural irregularities of a lava-flow, and the 
resulting inequality of the sedimentary deposits, it is to be ex- 
pected that some inequalities in thickness of both formations 
should exist, and that sometimes one or the other should be 
wanting. For instance, if a portion of the lava was raised 
above the sea, that portion would not be covered by either 
sandstone or conglomerate, but only by its own decomposition 
products, if even they w^ere not carried away by the rain. 
Hence it happens that the interval between two flows is marked 
at one point by a conglomerate, but elsewhere only by a thin 
seam ; or, as is often the case, the two flows are interfused. 

It also frequently ha])pcned that a comparatively short time 
existed hotween two floWvS. In such a ease little or no con- 
glomerate could form between them, and as the latter flow 
fused again the top of the earlier flow, the two became united 
into one mass, so that it is difficult to ascertain where one be- 
gins and the other ends. 

Tue CoppEE-BEARiNa OR Keweenawan Series. 

The relation of the lava-flows with their interbedded con- 
glomerates to tbe Kastern sandstone is a matter of great scion- 
tific and economic intei*est, and has given rise to much discus- 
sion, wbicli is likely to contiime for many years to come, until 
the whole truth shall bo known. In the report of Foster and 
Whitney, the Eastern sandstone w^as considered to have been 
once continnous with the Western sandstone*'^ of Keweenaw 

* Tliime designations for tbeso sandstones were first xised by tlie present writer 
and biter a.doptcd by Irving. on the Geology of the Iron and Coppei' Dii^tricM 

of Lake Hapmor, 1880, pp. 08, 107, 108, 110, 116, 121, 122; /W. Am. Am>e. 
Adv. 1880, xxix., p. 429; Proc. JhntjSoc. Nat. 1880, xxi., pp. 92, 94, 
308. (.bmlation Papers. Cambrian.’^ Bulk U. S, Geol ;SVr., No. 81, lisOl, 
pp. 252, 885. 
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Point, but it was thought that the two parts had been separated 
by a fracture or fault-plane that extended along the entire 
southern side of Keweenaw Point. This fault allowed the 
sandstone on the east to remain horizontal, while the lava-flows 
on the west were tilted up at their present angle, and the over- 
lyirig western sandstone was subsequently worn away. The 
sandstone east of the fault-line was said to lie horizontally , or 
to dip to the southeast. 

Later, attention was called to certain observations made 
along the line of the fault, especially at the Douglass Iloughton 
Palls. These observations caused the lava-flows and their iu- 
terbedded sedimentary rocks to be considered as an older geo- 
logical formation than the Eastern sandstone. It was said that 
the lavas formed an old sea-shore bluff on the Potsdam sea, and 
that the sandstone was laid down horizontally, abutted against 
the cliff's, and was formed from their water-worn debris. Vari- 
ous other opinions have also been advanced, reference to which 
our limited space does not permit. 

In 1879 the present writer made an examination of the for- 
mations at the points at which, on the Douglass Iloughton and 
Hungarian rivers, the Eastern sandstone comes in contact with 
the lavas, or, as they are now commonly called, the copper- 
bearing rocks or Keweenawan series. lie found that the sand- 
stone, instead of lying horizontally, dipped gradual!}^ or irregu- 
larly toward the northwest ; and that, instead of abutting 
against the copper-bearing rocks, it was overlain by the latter, 
and the two were interbedded. Later, the correctnesB ot these 
observations was denied by Irving, who upheld the view oi the 
greater age of the copper-bearing rocks, but moved the supposed 
sea-shore cliff* from its former supposed locality and placed it 
elsewhere. Subsequently the question was takem up by Irving 
and Chamberlin in defence of the view that the copptu-bearing 
rocks are older than the Eastern sandstone. But upon study- 
ing their published observations, together with their sections 
given in this later work, it will bo boot) that their preceding 
observations are discredited, and that they fully sustain the cor- 
rectness of the present writer^s statement that the sandstone 
dips under the copper-bearing rocks, instead of being separated 
from them by a vertical fault or an old Bca-bluff. The result 
is that in the main point at issue the present writer was shown 
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to be correct, 2 .e., that the sandstone does underlie the copper- 
bearing rocks, and then the main question was transferred to 
one of interpretation of the observations. Do the lavas overlie 
the Eastern sandstone on account of their having flowed over it 
in the form of a molten lava, as the writer then claimed, or had 
the lavas been thrust up over the sandstones through the mo- 
tion of an older solid mass along an oblique fault-plane, as last 
held by Irving and Chamberlin ? 

During the summer of 1889 an examination of this question 
was made by the Michigan Geological Survey, then under the 
writer’s direction, and the rocks were uncovered along the line 
of contact of the sandstone and lavas for the purpose of ascer- 
taining their exact relations. The result has been to prove to 
the present writer, beyond any reasonable doubt, that on the 
Douglass Houghton and Hungarian rivers, as well as on See. 20, 
T. 56, E. 32 ]Sr.,the sandstone does dip gently toward the lavas, 
and Anally passes under them with an increasing dip ; that the 
junction is not a fault-junction but that of a lava-flow upon an 
underlying soft sand and mud. The lowest bed of melaphyr 
was found on the Douglass Houghton river to be overlain by 
sandstone, as described by the writer in 1880, although this 
fact had been denied by the before-mentioned authors. The 
coppex’-bearing rocks on the north side of Douglass Houghton 
river are seen to overlie the Eastern sandstone for about 160 
feet. Along the line of contact to the north on the St. Louis 
location and in Wall ravine, as well as south of Portage Lake, 
proof of distinct faulting could be obtained, which sustains the 
fault claimed by Poster and Whitney, Irving and others. 
Along the Douglass Houghton contact, no signs of any fault, or 
but few signs, were found; but in the copper-bearing series, 
just ladow the falls, several fractures, with evidences of the 
motions of sides, were observed, that would indicate a faulting 
here. 

Tlu^ fault-plane, wherever obBcrvcd along the line of contact, 
showed that the hanging-wall was on the side next the copper- 
bearing x'oeks. It is well known by all miners and geolo- 
gists that in all normal faults, the commonly occurring 
faults, the rock on the hanging side of the fault has slipped 
down relatively to the rock forming the foot-wall. A reversed 
fault is one ixi which the hanging-wall side has been pushed up 
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on the foot-wall side of the fault. The reversed faults are gen- 
erally considered to he rare; so much so that some geologists 
deny that they ever occur, although the present writer has seen 
them associated with normal faults in the Cheever ore-bed at 
Port Henry, Hew York. This rai*e mode of faulting is the one 
assumed by Irving, w^ho was obliged also to assume that the up- 
lift of the hanging-wall was accompanied by a thrust to the 
eastward : a view that some observations by the Michigan Geo- 
logical Survey, especially by Professor A. E. Seaman, would 
sustain ; but these, the present writer thinks, need more careful 
examination and farther confirmation before they can be ac- 
cepted as conclusive, since all the observed facts can be ex- 
plained by the repeated movements that usually occur along 
the sides of a fault. 

The present writer holds that the sandstone underlies the 
copper-bearing rocks, and that the first lava of that series 
flowed over the Eastern sandstone, which is older than the 
copper-bearing or Kewecnawaii series. Subsecpiently a tanlt- 
line or fissure was formed, running near wdiat is now the point 
of contact of the sandstone and lavas, sometimes exactly at 
that point, sometimes on the lava side, and probably sometimes 
on the sandstone side of it. Along this fissure it is probable 
that a normal fault occurred, along which, by the slipping down 
of the hanging or wedge-shaped side, the sandstones and their 
interbedcled lavas were more or less bent downwards or con- 
torted, as they are now found to be. This normal faulting 
accounts for the fact that sometimes the lava and sometimes its 
associated conglomerate is brought in contact with the Eastern 
sandstone along the fault-line. It is to be remembered that in 
almost all faults there is more or less rubbing bade and f ndb, 
or up-and-down motion, although the final result of these varital 
motions is the production of a reversed or normal iault, ju^cord- 
ing to the direction in which the greatest amount of motion 
took place. 

This view would explain most of the difficulties that gendo- 
gists have had in understanding this scries, especially if it 
should be shown that the lava-flows came from the main lake- 
side instead of from the Keweenaw Bay side, m that w'ould 
only require the cut-off remnants of the edges of tlu^, lava- 
flows to be removed by denudation on the Keweenaw Bay side. 
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Should the reversed fault be proved to be the true one, then 
the view of Foster and Whitney concerning the relations of 
the copper-bearing rocks would appear to be more correct than 
that of Irving, while a normal fault would be consistent with 
the theory of Houghton, Jackson and Marcou, that the copper- 
bearing rocks are of Triassic age. 

Veins and Copper-Deposits. 

Besides the fault before mentioned, numerous fissures cross 
Keweenaw Point instead of running longitudinally with it, and 
more or less faulting occurs along these fissure-lines. Poidage 
Lake lies in a trough excavated along one of these fissures, 
while many of the others are filled wdth vein-matter, which has 
been mined to a greater or less extent. These fractures and 
fissures, with faulting across Ke^veenaw Point, probably w^ere 
developed subsequently to the formation of the longitudinal 
iault or faults, if more than one such fault shall later be proved 
to exist. Should such be the case, it would account for part 
of the assumed thickness of the beds. 

The before-mentioned fissures seem to have been formed by 
powerful movements of difierent parts of the rocks that caused 
the cross-fracture and dislocation of the latter. The move- 
ments were repeated from time to time, causing a rubbing, 
grinding, breaking and polishing of the parts adjacent to the 
fissures. After the main fissures had been formed, the subse- 
<pieut movements would not cause any very extensive secondary 
l)reaking of the compact and lieavy beds of diabase and con- 
glomerate, l)ut in the soft and scoriaceous melaphyrs the frac- 
turing would be much greater, so that the parts adjacent to the 
lissures wotdd bo much broken. During the time of the frac- 
turing, and sul)se(|uently, these fissures served as channels for 
the clumiically active waters, which also percolated through 
the adjacent rocks. In the scoriaceous and easily decompos- 
able melaphyrs the veins were widened by the decomposition 
of tin*, adjacent rock, l)ut in the coarsely crystalline and heavy 
diabases, as a rule, the same eftects were produced either not 
at all or only to a limited extent The Bandstoncs and con- 
glom(‘ra.teH, being composed priucii)ally of tracbytic and rhyo- 
litic material, are mnch less affected by percolating waters than 
the basaltic rocks; hence tlic fissures are not generally widened 
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in them, especially if they are in thick beds. At the time when 
the percolating waters were acting on the rocks adjacent to the 
fissures, they were also working in the rocks everywhere upon 
Keweenaw Point. 

In many localities the evidence is strong that the percolating 
waters were hot, while in others, as remarked by Marvine, no 
sign exists that they were above the temperature of the waters 
of the present day. These waters percolated with more or less 
readiness through the rocks, causing a greater or less alteration 
and decay, while the substances they took up were deposited 
in any fissures, cells or other open sjiaces that existed in the 
rock, or else portions of the rock were dissolved out and their 
places were refilled. This is strikingly seen in the conglomer- 
ates, like that of the Calumet and Hecla, in which pebbles of 
the easily-decomposable melaphyr have been partly or entirely 
removed and their places filled with copper or some other 
minerals. 

Besides copper, the deposited minerals are mainly quartz, 
calcite, epidote, laumontite, prehnite, delessite, chlorite, datolite, 
analcite, orthoclase, apophyllite, etc. All, or nearly all, of the 
materials that fill the crevices, cells and other places in the 
lavas and conglomerates apparently were derived from the de- 
composition of the lavas themselves, and the course of the 
waters carrying these materials in solution seems to have been 
downward. The fissures that form the veins were filled at the 
same time and by the same agencies as those that acted upon 
the rocks, and the materials in them likewise ai)pear to have 
been obtained from the adjacent rooks themselves. In the 
narrower portions the veins arc often filled with the vein-matter 
proper, but in the wider portions the veins are often composed 
of broken-up masses of melaphyr, etc., cemented by vein- 
matter. 

In the veins the copper is found intimately mixed with the 
gangue, or in sheets or irregular masses. In sheet-form the 
copper extends downward or has its sides approximately paral- 
lel with the vein. Often the sheet is divided, and holds be- 
tween its parts some of the gangue or melaphyr. It is also 
not uncommon to find, entirely enclosed in the copper, masses 
of melaphyr, quartz, calcite or other vein-materials. The mela- 
phyrs themselves are often impregnated with cop];)er adjacent 
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to the veins. Good illustrations of the veins can he seen at 
the Phoenix, Clifi“, Central, Copper Palls and other mines in 
Keweenaw county. 

In the vicinity of Hancock, Houghton and Opechee some of 
the old lavas are mined. As stated before, these old lava-flows, 
which now form melaphyrs (amygdaloids), have been greatly 
acted upon by water, and have had deposited in their mass 
different minerals associated with more or less copper. The 
copper is generally deposited in an irregular manner in the 
melaphyr, forming strings, globules, irregular masses, etc. 
These deposits are not in the form of veins, but are impregna- 
tions of old lava-flows, and hence are in the form of beds. As 
an example of mines worked upon these old lava-flows there 
may be cited the Quincy, Franklin, Osceola, Atlantic, Huron, 
and the Copper Palls in part. The Copper Palls has been 
worked in part on an old lava-flow of a very scoriaceous char- 
acter that formed originally a black, rough, cellular lava-sheet 
covered with clinkers, similar to many well-known modern lava- 
flows. At the time of the flow, or after it, the interstices were 
tilled with deti'ital mud, while the various paints of the flow 
appear to be connected, and do not form true water-worn peb- 
bles. The writer has collected at Copper Falls portions of the 
rock that show the hardened exterior crust and the cellular 
interior, as they occur in small masses and bombs of modern 
lavas, while he has found preserved intact the original ropy, 
stringy, twisted surface of the lava. The Copper Palls bed, 
above described, is locally called the ash-bed, but it is a mela- 
phyr or a true lava-tiow, and not a bed of volcanic ashes. The 
Atlantic mine appears to be worked upon the same or a similar 
formation. 

llesides the veins and lava-flows, the conglomerates have also 
been found in places to have had their interstices tilled in with 
copper and other minerals. In them the old cementing mud, 
and oftentimeB the pebbles of melaphyr, have been removed by 
percolating waters, and their places filled with copper, which 
penetrates even the minute cracks in the hard rhyolite (quartz- 
porphyry) ])ebbleB. These old sea-beach conglomerates are 
now worked iu the Calumet and Ilecla, the Tamarack, the 
Allonez and otlier mines. There are thus mined in this region 
three distinct classes of deposits : 
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Copper-Deposits of Keweenaw Point. 

1. Vein-de]DOsits (fissure-veins). 

2. I'low-deposits (melaphyrs or amygdaloicls). 

3. Bed-deposits (conglomerates). 

The conglomerates are known to be old sea-beach deposits, 
like those that are forming along the lake or ocean at the 
present time. This is proved by the rounded and water-worn 
character of their pebbles and grains ; by the observed water- 
action on the surface of the underlying lava-fiow ; and by the 
fact that at their base the conglomerates contain considerable 
basaltic mud and pebbles derived from the underlying lava, 
both of which diminish in amount or are entirely wanting as 
the distance from the underlying trap increases. 

That the copper was deposited from water, with or wnthout 
electro-chemical action, is shown by the fact of its being found 
inclosed entirely in minerals known to be formed by wuiter 
only; also by its inclosing such minerals ; by its being found 
in disconnected or isolated masses in the lavas and elsewhere, 
and by its greater abundance ivlicre there are to be seen the 
most signs of water-action. Had the copper been deposited 
by igneous agencies subsequently to the formation of the inela- 
phyr and conglomerates it would have had a channel or line 
of passage, and would have been continuous along that line, so 
that all the different masses of copper would have been con- 
nected together downward, unless separated by iractuju's or 
faults. 

The copper seems to have needed for its deposition ilu^ o])en 
spaces of veins and fissures, and rocks that were porous and 
cellular, or those whose parts were easily removed by the pta-- 
colating waters, like melaphyrs or the cementing mud oi‘ (he 
ongloraeratcs. In truth, the copper seems to have been de- 
lositcd wherever there were found any places in which to 
save it. 

From the fact that the copper is generally found most abun- 
Rutly under the heavy lavarfiows, and associated with minerals 
evidently the product of the decomposed lavas, it appears prob- 
able that the copper was once finely disseminated through the 
lavas, and has since been concentrated by waters percolating 
through them. This view is advocated by Muller, Ikuennann, 
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Marvine and myself, while a similar view has been advanced by 
S. F. Emmons to account for the origin and concentration of 
the Leadville ore-deposits.* 

Had the copper been derived from the sandstones, then one 
vrould suppose that under them should be found the greatest 
supply of copper ; but such is not the case. That the course of 
water depositing the copper was generally downward is indi- 
cated by the finding of spikes of copper and cal cite that extend 
from one bed down into others, with the small end downward, 
like an icicle ; by the fact that when the copper is not uniformly 
distributed throughout the bed or flow that is mined it is often, 
although not always, more abundant in its upper portion ; and 
by the fact that the largest masses of copper have usually been 
found in the upper portions of the veins. 

That the copper was deposited after the copper-bearing series 
was complete is- shown by the fact that it is found in fissures 
extending across the beds that could Only have been produced 
after the beds were in place ; by the fact that the copper was 
deposited subsequently to the jointing of the lavas, owing to its 
now being found wrapped around the pieces formed by joint- 
ing; and by the extension of the copper from one flow down 
into another as a continuous mass. 

The means by which the copper was concentrated and de- 
posited as native copper, instead of occurring in the form of the 
usual copper ores, is an interesting and as yet unsolved problem 
that awaits the attention of the chemist who is willing to give 
his time and thought to the subject, although Pumpelly advo- 
cates the idea that the x^inncipal agent is the oxide of iron. 
In this he has much to sustain him, and his view is generally 
adopted. t 

The structure of Iveweenaw Point may, then, be summarized 
as follows: A deposit of sandstone overlain by lava-flows 
mingled with more or less of interbedded conglomerates, and 
finally overlain by Randstones. Subsequently those beds suf- 
fered longitudinal and cross-fracturing and faulting. Later all 


* Miiller, Verhl d. Nat^ir, GemlL-f Basel, 1854-57, pp, 411-438; Bauerman, 
QmrL Jour. GeoL Soe., 1866, XXII., 448-463; Wadsworth, Notes ou the Geology of 
ike Iron and (hpper NistridSy 1880, p. 126 ; Emmons, Geology and Mining Industry of 
Leadtnlle, 1886, pp. S78, 379. 
t GeoL of Mkh, 1B73, L, pait IL, p. 44. 
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were acted upon by percolating waters, both hot and cold, by 
which the rocks were altered to a greater or less extent, and 
the copper was concentrated and stored up in the conglomer- 
ates, lavas and veins in which it is now found. 

The above account gives in brief a general idea of the geology 
of the region touched upon here, as the writer interprets the 
facts observed. He is, however, aware that ditferent interpre- 
tations of the same facts are made by others. He has therefore 
called special attention to the important ditferences of interpre- 
tation. In the copper-bearing rocks, the question of their rela- 
tion to the Eastern sandstone is one of great economic interest 
in these days of diamond drills and deep shafts. One can 
readily see this when one considers that it involves the ques- 
tion. Ho the copper-bearing rocks extend out under the Eastern 
sandstone or not? If they do, their exploration becomes merely 
a question of how great thickness of sandstone must be bored 
through. If they do not, then the question ought to he settled 
by the geologist, if possible, in order to save wmsto of money in 
unnecessary exploration on the part of those who are interested 
in mining. 


The Michigan College of Mines. 

BY DB. M. E. WADSWORTH,* HOUGHTON, MICH. 

(Lake Superior Meeting, July, 181)7.) 

The Michigan State College of Mines was established ten 
years ago last September as the fourth and last of the institu- 
tions of Michigan which are devoted to higher education. 
Erom the moment of its inception its single object has hceu to 
send out men who are qualified to take active part in the de- 
velopment of the mineral wealth of our State and nation, and 
any study which is essential to this end will not ho found 
wanting in its courses of instruction. 

The institution has been singularly happy in its location. It 
is an axiom of modern education that any school w'hicli is to 
obtain the greatest return for the money and energy spemt in 


* President of the Michigan College of Mines. 
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establishing it must be situated in a region which shall, from 
its very nature, serve, free of all expense, as a part of the real 
equipment of that school. This can be so only when the dis- 
trict presents, for the daily observation of the student, the 
most exhaustive and “ up-to-date ” practical applications of the 
subjects which are taught in the school — a district in which the 
student is inspired with a strong appreciation of, and interest 
in, his future work by being brought into frequent contact with 
able men whose lives have been devoted to the same profession. 
The location must be where the body of the people regard the 
institution as a co-worker with them in the main business* of 
their daily life, and naturally take far more interest in it than 
ill a school whose object and officials have little in common 
with them. 

The student thus lives in an atmosphere which harmonizes 
with his work, and his attention and energies are not distracted 
and wasted by making digressions into matters which have no 
bearing on his real future. 

On this account medicine, law, theology and cognate sub- 
jects arc best taught in large cities, whose hospitals, libraries, 
courts, churches, societies and meetings of congresses devoted 
to such subjects, all furnish material indispensable for the 
proper teaching of these branches of knowledge. Mechanical 
and electrical engineering can be most advantageously studied 
in a locality containing machine-works, manufactures, mills 
and lighting- and power-plants; and civil engineering can be 
most thoroughly acquired in a school which has in its imme- 
diate vi(unity numerous examples of modern constructions in 
the lonn of l^ridgcs, railways and their appurtenances, largo 
buildings, etc., and the efitablishments which design and pro- 
<luce the matc.rial for them. Similarly, mining engineering 
<*au be most etfectively taught only in a district containing 
numerous nunes which arc worked on the largest scale, and in 
whi(di full sway is given to scientific and economical eonsid- 
erations. 

From this point of view the Michigan College of Mines has 
been more fortunate in its location tlian any other school of mines 
iti America, Within a radius of eleven miles from its doors arc 
situated some of the liirgest, deepest and most successful mines 
in the world. The most powerful and stupendous machinery ever 
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employed ia mining is liere in constant use, and always open to 
tlie inspection of tlie student. The aggregate horse-power of 
the engines used hy only two of these mining companies ex- 
ceeds the grand total of all the engines used in the gold- and 
silver-mines of the United States in the halcyon days of 1889, 
or far more than double all those employed in the grandest 
spectacle this earth has ever seen — ^the Columbian World s 
Exposition of 1893. 

The mines of the Marquette, Menominee and Cogebic iron 
ranges are within a few hours’ ride of the college, and furnish 
a most efficient means of illustrating a large part of its teach- 
ings. The value of the annual output of the various mines and 
other mineral industries in the State, and mainly in the Upper 
Peninsula, reaches the enormous total of |70,000,000, and 
places Michigan among the States of the Union second only to 
Pennsylvania in the value of its mineral products. 

The further development of this vast industry requires men 
who are thoroughly trained for this special work, and to meet 
this requirement the Michigan College of Mines was estab- 
lished. It was fortunate for the college that its founders 
realized at the start that to fulfill its mission it must not, as is 
so frequently and unwisely done, waste its energies in the vain 
attempt to teach branches foreign to the object of the institu- 
tion, and which are already well taught hy other colleges 
maintained by the State. In cousequence, they determined 
that this school should confine its attention wholly to m'mmj 
and the subjects relating thereto. Hence the course is designed to 
teach the student to conduct explorations iii the Jbrest and 
field ; to distinguish the useful minerals and rocks ; to under- 
stand the geological principles that govern the formation and 
association of useful mineral products, and to determiiui ap- 
proximately their values; to study ores, huilding-stoncs, limes, 
cements, mortars, coal, salt, gypsum, petroleum, natural gas, 
clays, fertilizers, gems, and useful vegetable pi'oducts ; to sur- 
vey, map and lay out the ground, the railroads, tramways and 
towns ; to select or design hoisting-, transportation-, power- and 
liglit-plants ; to design the mills, furnaces, docks, dams, bridges, 
shaft- and rock-houses and other structures; to determine in 
each ease wdiich is the most suitable method for opening and 
conducting a quarry or mine, and of timbering, ventilating and 
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draining it; to assay, concentrate and smelt ores; to investi- 
gate tlie strength and other properties of engineering ma- 
terials, that designs may be intelligently worked out; to make 
working-drawings to illustrate fully these designs ; to under- 
stand the most economical methods of generating and using 
steam ; to study in detail engines, pumps, boilers, and other 
machinery, and the methods of operating, testing and repairing 
them ; to master the principles of electricity and its genera- 
tion, storage, transmission and use as an illuminant and source 
of motive power; to study hydraulics, and its various applica- 
tions in civil affairs and hydraulic mining ; to understand mine- 
management and accounts — ^in short, to train men to be of real 
use in any line of work connected with the winning and reduc- 
tion of mineral products. 

Such work naturally arranges itself along various clearly- 
defined lines, in each of which the training may proceed to 
almost any length. Hence the branches of study which here 
most naturally resolve themselves into specialties are drafting ; 
chemistry; assaying; metallurgy; mechanical, civil, electrical 
and mining engineering; ore-dressing; mineralogy; petrogra- 
phy ; and geology. In consequence, the men educated at the 
Michigan College of Mines are now engaged as surveyors; 
mining, civil, electrical and mechanical engineers; woodsmen; 
explorers; railroad-men; chemists; assayers; mill-men; quarry- 
men; manufacturers; stock-raisers; farmers; teachers, etc. It 
therefore appears that the college has fulfilled its mission and 
educated its students to be useful and efficient men, who are 
daily adding to the world’s material wealth and to its stock 
of knowledge. 

Tlie range of subjocts bearing upon the mineral industry is 
extremely wide; and this, coupled with the fact that all men 
are endowed with a natural aptitude for some lines of work 
wliilc wholly unfitted for others, and the further fact that eir- 
euiUBtanceri heyond control frequently force men into particular 
ocenpaiions and deprive thetn of the opportunity to pi'osecutc 
a full course of training — all conspire to demonstrate the eor- 
rectness of the modern educational view that a ingid, set conrae 
of instriudion in higher education is now out of date, and that 
the student nuist have some liberty in selecting the studies which 
are to enable him to cope with his life-work. Tliis fact has been 
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long recognized here, and the Michigan College of Mines has 
squarely met the issue by adopting an elective system so de- 
signed that, while the student is allowed to choose the main 
lines of his work, he is compelled by the proper sequence of 
studies to take up such subjects as are essential to a broad and 
thorough engineering education. In this respect it stands alone 
amongst American engineering colleges. 

Further, in the effort to save the valuable time of the young 
men, the school-work is continued during forty-five weeks of 
the year, instead of from thirty to thirty-six, as in most institu- 
tions. This enables the student who wishes to do so to accom- 
plish as much in three years as he would ordinarily do else- 
where in four, and graduate one year earlier. 

The instruction given at the Michigan College of Mines is 
intended to be strictly professional and practical, and the col- 
lege considers that to give a general educational training is as 
little in keeping with its legitimate functions as would be the 
case in schools devoted to law, medicine and theology. This 
kind of training is already fully provided for by other in- 
stitutions maintained by the State, and to attempt it here would 
cause a serious deterioration in the quality of the engineering 
instruction and add only another source of expense to the State. 
It is clear that the Michigan College of Mines in no way en- 
croaches on the work which legitimately belongs to any other 
of our State institutions of learning; it rather assists them by 
offering an education which not one of them can possibly give 
in the way it is given here. The mineral industries adjacent 
to the college are amongst the most efficient portions of its 
equipment. Without a similar advantage no college can prop- 
erly teach mining, and any attempt to do so will result in an 
inferior engineering training, no matter if millions of dollars 
be spent in equipping the college itself. 

The Pennsylvania Railway Company wisely saw this principle 
when it established its school at Altoona. It wanted railroad 
men, and it very properly trains them at a place where all mat- 
ters pertaining to railways are directly under the eye of the 
student. 

The Michigan College of Mines forces its students to do 
thorough work, and also to acquire some practical knowledge 
of the subjects they are studying. The day has passed when 
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engineers eonld be made through an equipment of lecture- 
rooms, teachers and books. This college has therefore ever 
been mindful of the wise observation of Seneca ; Long is the 
road to knowledge through precepts only ; short and efiective 
through practical examples;’’ hence its students are taught not 
only to hear, but to see, and to use not only their minds, but 
their hands as well. In this fact, and in it only, can be found 
the reason why its graduates have been signally successful in 
practice, and that they have rarely been diverted into a line of 
work different from that which they pursued at the college. 

The Michigan College of Mines was established by an act of 
the legislature, approved May 1, 1885, and was opened for the 
reception of students September 15, 1886. Its inception, estab- 
lishment, and, to a great extent, its support, have been due to 
the foresight, energy and executive ability of Hon. Jay A. Hub- 
bell, of Houghton. He has spared no labor in endeavoring 
to accomplish everything he deemed essential to the success and 
prosperity of the institution. 

Other active and energetic members of the Board of Control 
have 1)een Messrs. A. Hidder and J. M. Longyear of Mar- 
quette; J. N. Wright and P. 0. P. West of Calumet; T. B. 
Dunstau and J. R. Cooper of Hancock; T. L. Chadbourne, G. 
Pope and J. Henter of Houghton. 

In 1886 Albert Williams, Jr., a graduate of the College of 
Now Jersey, was elected as i^rineipal and had charge of the 
school until he resigned, in the summer of 1887. M. E. Wads- 
worth, a graduate of Bowdoin and post-graduate of Harvard, 
was chosen as president, and still remains as the chief execu- 
tive ofliccr. 

<)i‘ members of the iaculty who have moulded their depart- 
ments and left their marks thereon there may be mentioned 
Prof. li. M. Edwards in civil and mining engineering; Dr. II. 
h\ Kelku’ in chemistry; Dr. Edgar Ividwell in mechanical and 
electri(*al engineering; Dr, G, A. Koenig in chemistry and 
metallurgy; .Prof. 1\ W‘, McNair in mathematics and physics; 
IVof. A. E. Seaman iu mineralogy and geology; Prof, E. W. 
KSperr iu civil and mining engineering; Prof. A. E. Haynes in 
mathematics; and Mrs. P. IL Bcott in the library. 

The tirst clasBes wore taught iu rooms located on the top floor 
and in the basement of the firo-engino house ” of the village 
of Houghton, 
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[Four additional rooms in the Odd Fellows’ building were 
secured in September, 1887, but the coutinued growth of the 
school made it necessary to vacate the latter quarters during 
the summer of 1888 and to replace them by others obtained in 
the Eoller Eink building, now the Armory Opera House. 

In May, 1889, the school was moved into the building now 
known as Science Hall. This hall was erected by the State on 
land donated by Judge Hubbell, but it was even then well 
known that the building was too small for the necessary work 
of the school. In 1890 ore-dressing works were constructed, 
and there was added, in 1892, a small structure containing a 
furnace for roasting ores. As the school grew faster than its 
most sanguine friends had any reason to hope, further buildings 
became necessary, and during 1894—95 the State erected another 
large one to accommodate the departments of drawing and me- 
chanical and electrical engineering, and the offices and lecture- 
rooms of the department of civil and mining engineering. It 
has also made provision for the erection of a commodious 
assay-laboratory. 

The equipment of the institution has also been increased, so 
far as its funds have permitted, and the total college property, 
inventoried last fall, amounted to $231,895.97. 

In 1886 a course of instruction of two years’ duration was 
announced, but was not prepared; indeed, the educational side 
of the school was not regularly organized until the school year 
1887-88. Since then the curriculum has been steadily broad- 
ened and perfected in detail. In 1889 a three years’ course was 
adopted, and in 1893 this was changed to four years. The full 
elective system went into successful operation in 1805, and has 
proved entirely satisfactory to instructors and students alike. 

At the time the present president took charge of the o<luca- 
tional side of the Michigan College of Mines there was no edu- 
cational policy developed, and no course of instruction had 
been laid out, beyond the statement that the course should be 
two years in length. At that time there were only two distinct 
State schools of mines in operation, besides the Midiigan Col- 
lege of Mines, neither of which confined itself to mining-engi- 
neering subjects. The Colorado State School of Mines was 
established in 1874, and in 1887-88 it had in all its courses 45 
students. The Missouri School of Mines, with its preparatory 
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and all its other departments, had in that year 46 students. 
There were numerous departments of mines in connection with 
various State and other universities and colleges ; but the num- 
bers of students of mining in all of these, except Columbia and 
Lehigh, were much less than those given above for Colorado 
and Missouri. Colnmbia had, in 1887—88, 51 students in 
mining, and Lehigh 36. 

The way was dark and forbidding, and the remains of past 
failures could be seen everywhere. In truth, no State school 
of mines that was ever organized in the United States could 
by any exertion of imagination be called successful up to that 
time. Success could not be hoped for except through the 
locality of the school and a rigid adherence to principles to be 
laid down then and steadily carried out. Locality alone 
could not do this; there was also needed an organization that 
should attempt to save the good and avoid the evils of other 
institutions. 

The main principles then formulated for the reorganization 
of the school were as follows : 

1. To keep the school a special one for giving instruction 
in all branches relating to the development of the mineral 
wealth of the State and nation. 

2. To give the very best, most practical and highest educa- 
tion in this Hold that it was possible to reach with the means 
at command. 

3. That the instruction should always be by laboratory and 
field methods, or a true union of theoretical and practical 
instruction. 

4. That the school should, in its earlier days, put every dollar 
oldaiiuiblo into equipment and collections for teaching purposes, 
and spciul nothing for show, until the departments themselves 
w^'oro m a (^oinlition to do their proper and designated work. 

5. That spocia'l opportunities should be given to men of 
mature or advanced age who had been engaged in practical 
work, and who wished to obtain an education to aid them in 
their Bubseqnent labors. 

6. That the catalogues and other publications should state, 
BO far as can be known in advance, the exact truth about the 
school and its instruction. 

7- That no one should be appointed an officer in the school, 
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01 be retained therein, for any other reason than his fitness for 
the place and his capabilities for doing his work. 

8. That students in the school must work or leave; and that 
no distinction should be made among them on account ot their 
worldly wealth or honor, or birthplace — the only criterion 
should be their ability to perform their duties. Also that 
quality and thoroughness of work should be the aim, and not 
mere numbers of students. 

9. That the institution should be managed on business princi- 
ples, and the professors be allowed to conduct their departments 
according to their own individualities. They should be held 
responsible for producing the required results, but not for their 
methods of bringing about these results. They should have 
entire choice of, and control over, their subordinates, who are 
to be solely responsible to them. Further, that the professors 
should receive from the president every aid and assistance pos- 
sible in developing their departments, and that they should be 
supported in enforcing proper discipline. 

10. That the school should be conducted for the benefit of 
the students and of the State and nation, and not for the par- 
ticular advantage of the town in which it happened to be 
located, or of any special clique. This would be done in the 
belief that in serving the State best the local town will iu the 
end be more benefited than by any other policy. 

So far as it has rested with the president, these priuciplcB 
have been put into execution. The result has been ciniueutly 
satisfactory, since no college in America has had in its course 
in mining engineeiing such a phenomenal rise and develop- 
ment as this Michigan one, whether viewed from the staiul- 
point of attendance of students in mining euginecriug, or in 
the thorough and practical nature of the education given, or in 
the standing the college has won at home and abroad. iSiiu^e 
1890 the Michigan College of Mines has been recognized as 
one of the leading institutions of its kind in the world, and it 
will ever strive to retain this position by bard work and true 
merit, if those for whose benefit it was established will do their 
duty toward it. 

All credit is due to the professors and their assistants who, 
working under these principles, have so nobly aided in build- 
ing up this strong and flourishing college ; to the able Board 
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of Control who have assisted and sustained them ; and to the 
nohle State that has furnished the means to build an institution 
of which the State and nation may most justly be proud. 

The application of the preceding principles has had such an 
effect upon the institution that its success has been assured since 
the spring of 1890, and the president feels that the work he 
undertook to do ten years ago has been more than accomplished. 
The result already reached is far beyond his expectations, and 
much exceeds any hopes or dreams he dared to indulge in 
when he took charge of the institution. 

At the present time the president can see almost unlimited 
opportunities for the futui'e development and advancement of 
the Michigan College of Mines, which he would like to see 
improved. 

The faculty of the Michigan College of Mines is composed 
of men who have had practical experience in manual as well 
as intellectual labor. 

Every member of the faculty is a specialist in his line, an 
original investigator, and has published more or less in bis de- 
partment, while all e.xcept one have been connected with lead- 
ing colh^ges and universities as teachprs prior to taking up their 
labors In-re. 

- Jt would be impossihlc to keep such men upon the faculty 
here Imi by carrying out the principles stated above. It is the 
treatment given them that alone is retaining them, and not 
their Kularies ; for, when the expenses of living are considered, 
the i)rofesHorH of the Miriiigan College of Mines are paid much 
smaller salaries Hum are those of any of the other three State 
sriiools 1‘or higher education. This is one more proof that it 
is economy on the part of hoards and presidents to treat the 
niemlu'rs of their faculties decently and properly. The presi- 
dent of the Michigan College of Minos has no hesitancy in 
flaying that he regards an ordinary ])rofe8sor8hip in the State 
or any other flimilar university as a much better paid position 
than his, when the attendant expenses and cares are taken into 
consideration. 

Yet with all these salary disadvantages there is not a single 
iiietHcient man in the faculty, but each one is hard working 
and e.ncrgetic. I do not bedieve that, in proportion to thoir 
uuinhers, a bettor faculty can bo found in the ITuitod States. 
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The conditions in this institution are so unlike those of any 
other in this country that each instructor is obliged to re- 
arrange his work, and prepare in part, or as a whole, his own 
text-hooks, which have to be largely original. There are two 
special reasons why this must be done : First, because all other 
schools are giving instruction in other courses, hence their pub- 
lications usually look towards training men in other lines, as 
well as in mining engineering ; and, second, because most of 
the books are too theoretical, wanting the practical applications 
of the principles that they inculcate, while in the majority of 
cases they are padded with material that is of no use to an en- 
gineer. It would be a great gain to the Michigan College of 
Mines if the members of its faculty could be relieved ot a large 
amount of the drudgery that they now have to do, but which 
could just as well be done by assistants at a moderate cost, thus 
enabling each instructor to have some opportunity to keep up 
with the progress in his departments, and to publish needed 
text-books and original investigations. Each professor has to 
do almost double the work done by the average professor in 
any college or university in the land, that I know of. They are 
interested and willing, but it is a most short-sighted policy on the 
part of the college to allow such a burden to be borne by them. 
The work done here now is done at the pace that kills ; no- 
men can stand it for many years and keep up at all with the 
times. The inevitable results are mental stagnation, breaking 
down and death. The faculty are alike overworked, and a re- 
lief must be found, and that quickly. 

In comparing the number of students at the Michigan State 
University and the Michigan State Agricultural Clollege, it 
ought always to be understood that the instruction given at the 
University and College is in a great measure geiu'rul and 
appeals to the masses, while at the State Mining Clollcgc it is 
more special and attracts only those engaged in some work 
connected with the mineral interests of the cotuitry. The 
comparison, then, more naturally falls with some single course, 
like those of civil and mechanical engineering, although the 
total number of students in the United States pursuing such 
subjects is far larger than those following mining studies. Ju 
1842-43 the University started with 25 pupils and had but 64 
in 1851-52, having in throe years run down from 84 (the 
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largest number) to 64. It then commenced to rise^ but its pro- 
gress has by no means been uniform. Its upward jumps have 
been most marked in 1852-53 (222 students), 1855-56 (416), 
1864-65 (856), 1866-67 (1235), 1890-91 (2153), 1892-93 (2788), 
1895-96 (3014) ; but it has had more or less prolonged periods 
of depression, as from 1856 (453) to 1860 (429), 1867 (1255) to 
1877 (1110). The Agricultural College, thirteen years after its 
organization, had only 79 students (1869-70). 

The oldest scientific school in the United States — the Law- 
rence Scientific School of Harvard University — opened in 
1847, never had in all its courses over 82 pupils at one time 
until 1891. It had 79 in 1865-66 and ran down to 14 in 
1886-87, yet it has so gained since that this year there are 
368 students. 

In the table given on page 708 is placed the number of stu- 
dents in mining engineering for the last eleven years, so far as 
known, in most of the schools teaching mining engineering in 
the United States. 

The Massachusetts Institute of Technology in reality has 
more students than are credited to it in this table, since the 
published lists give only those in the last three years of the 
course. The probability is that this school now has in all its 
classes as many students as Columbia. This year, it will be 
seen, that such famous institutions as Harvard, Columbia and 
Lehigh Universities have, respectively, 13, 44 and 37 students 
in mining engineering, while the Michigan College of Mines 
has 140. 

The number of students taking instruction in mining engi- 
neering in the above two schools of mines it is impossible to 
ascertain. The numbers here given include for Colorado all 
students that have been enrolled as candidates for civil and 
electrical <mgineering and in chemistry. In the earlier years 
it also embraces others. Tti 1804-95 there wore enrolled in the 
senior and junior classes 30 candidates for the mining engineer- 
ing degree, and in the same classes for 1896-97, 47 candidates 
for the same degree. In 1894, 4 men were graduated in the 
mining engineering course, and in 1896, 9 men in the same 
course. 

The Colorado State Schoolof Mines was estahlishod in 1874, 
has more buildings, a larger income and a larger faculty than 
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Number of Students Enrolled in all Courses in the Missouri and 
Colorado State Schools of Mines. 



Missouri State 
School of Mines. 

Colorado State 
School of Mineb. 


Missouri State 
School of Mines. 

Colorado State 
School of Mines. 

1873-74 

75 


1885-86 

72 

30 

1874-75 

107 


1886-87 . .... 

46 

1875-76 

101 


1887-88 . 

52 

45 

1876-77 

70 


1888-89 

66 

1877-78 

64 


1889-90 . 

69 

68 

1878-79 

43 


1890-91 

80 

1879-80 

71 


1891-92 

83 

91 

1880-81 

71 


1892-93 . 

116 

106 

1881-82 

96 


1893-94 

121 

121 

1882-83 

82 

94 

1894-95 

96 

130 

1883-84 

110 


1895-96 . 

72 

135 

1884-85 

71 

23 

1896-97 . 

104 

161 





Graduates in all courses ; Colorado State School of Mines 67 

“ “ “ Missouri State School of Mines 31 


Graduates in all courses ; Colorado State School of Mines 67 

“ “ “ Missouri State School of Mines 31 


the Miohigan College of Mines. It is supported by a one-fifth 
mill tax. 

The people of Colorado take an interest in it, and its cata- 
logue states that it is a “ School of Applied Science,” and, as 
such, no direct comparison can be made between it and the 
Michigan College of Mines, which only deals with questions 
relating to the winning of mineral wealth. The Colorado 
selmol, although the older, has in part modeled its instruction 
and its catalogue on the Michigan plan. 

I’lu! Colorado School of Mines is situated not fiir from Den- 
ver, almo.st on the main lino of travel, and in a district which is 
much better ada.ptcd to furnish students than the Michigan 
locality, pari.icular]y as it is a great resort for persons afflicted 
with lung troubles. 

Its reciuiremcnts for admission are much lower than are those 
of the Michigan College of Mines. The school is a good one 
and is doing good work. It certainly has a much better loca- 
tion for giving instruction in metallurgy than has the Michigan 
{College, which latter, on the other hand, is much more favor- 
ably situated for giving instruction in mining and geology. 

The Missouri School of Mines was organized in 1871, and 
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the number of students enumerated includes academic or pre- 
paratory students, candidates for degrees in civil engineering, 
chemistry and other subjects. It is not only a general School 
of Applied Science,” but an academy also. Its location is bet- 
ter for obtaining students than is that of the Michigan College 
of Mines, but is far less adapted to aid in teaching mining en- 
gineering than it is to assist in the instruction of agricultural 
students. There is a strong probability of its removal to an- 
other district. 

Of the 390 students that have been enrolled in the Michigan 
College of Mines, 248 were residents of Michigan. The others 
came from Alabama, British Columbia, Nova Scotia, Ontario, 
Colorado, Cuba, District of Columbia, England, Germany, 
Idaho, Illinois, Indiana, Japan, Kansas, Massachusetts, Mexico, 
Minnesota, Mississippi, Missouri, Montana, New Hampshire, 
New Jersey, New York, Ohio, Oregon, Pemisylvauia, Peru, 
Scotland, South Africa, South Dakota, Texas, Utah, Virginia, 
West Virginia, Wisconsin and Wyoming. 

Of the 117 occupations followed by the fathers of these pupils, 
more were engaged in farming than in any other l)UHiness, In 
fact the training given in engineering work at the Mining 
College is so broad that it offers one of the best fields tk>w open 
to farmers’ sons, and it is a wonder that more do not avail 
themselves of it. 

The average age of the students is from 21 to 22 years, 
although at the present time there arc over 25 men iu the 
school of from 25 to 55 years of age. The college ]>ri<les itself 
upon its usefulness to these practical and experienced men. 

Nimiher of Students from, Miehi^cm and Numher from 
Other Districts. 

Michigan. 



Upper Ponliisula. 

Lower Peninsula. 

Entire State. 

OuthiOe of State. 

1886-87, . 

20 

3 

23 

0 

1887-88, . 

20 

G 

20 

3 

1888-89, , 

21 

8 

29 

11 

1889-90, . 

18 

7 

25 

10 

1890-91, . 

33 

15 

48 

17 

1S91-92, . 

34 

23 

57 

21 

1892-93, . 

44 

20 

64 

37 

1893-94, . 

88 

20 

58 

21 

189*1-95, . 

46 

16 

62 

32 

1895-90, . 

40 

12 

58 

36 

1890-97, . 

57 

17 

74 

66 
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Amongst tlie difficulties with which the Michigan College of 
Mines has had to contend are : Its distance from large cities ; 
its extreme northern locality, and the fact that it is not situated 
on one of the great lines of travel, and hence is much less 
known than it otherwise would be ; and the general ignorance 
and misinformation in the southern portion of the State, and 
generally throughout the country, regarding the northern 
peninsula of Michigan, its people, its climate and its resources. 
The college, far more than any other factor, during the past 
few years, has been the means of dissipating much of the ignor- 
ance concerning this part of the country, and making it more 
widely and favorably known amongst a large class of people 
who are not naturally and directly reached by its vast mining 
operations. 

Amongst the special advantages enjoyed by the college are : 

1. The opportunities afforded by the kindness of the officers 
of the various mining companies in the copper, iron and gold 
districts, which enable the students to become familiar with the 
hoisting plants, timbering, and methods of working the deepest 
mines (4900 feet vertical) in the world, where the largest and 
most powerful machinery and stationary engines are employed. 

2. Its unrivalled location for the study of crystalline rocks of 
both eruptive and sedimentary origin, which, in this Northern 
Peninsula of Michigan, show the most complicated and varied 
phenomena, including the basement-conglomerates of several 
geological formations. 

8. That, so far as it goes, the equipment in each department 
in the school is modern, and has been selected expressly for 
purposes of iuBtrnctiou and not for show. 

4. Its ]>cculiar elective system. 

5. The practical nature of the instruction, and the mining 
atmosphere surrounding the institution. 

0. Its confinement to mining alone, and the groat length of 
its college year. 


VOL. xxvir.— 47 



712 


SOME STATISTICS OF ENGINEERING EDUCATION. 


Some Statistics of Engineering Education. 

BY DR. M. E. WADSWORTH,* HOUGHTON, MICH. 

(Lake Superior Meeting, July, 1897.) 

The eMef value of a paper like this consists in its statistical 
tables, putting on record material useful to future inquirers. 

The data here given have been compiled from time to time 
as far back as 1874, and subsequently brought up to date. 
Much of the data could only be procured by personal inspection 
of the catalogues, as for example those relating to the Lawrence 
Scientific School, which were taken at that time from the cata- 
logue of Harvard University, on file in the University Library, 
by the present writer, then an instructor in that institution. 

These tables of statistics were first prepared for publication 
by the present writer in 1888-1890 and published in his “Re- 
port to the Board of Control of the Michigan College of Mines ” 
(Michigan Mining School) for 1886 to 1890. Later they were 
revised, enlarged and brought down to date in his reports to 
the same Board for 1890-92 ; and since that time they have 
been, at his request, revised, greatly enlarged and kept up to 
date by Mrs. Frances H. Scott, the eflicient Librarian and Sec- 
retary of the Michigan College of Mines. Great credit is due 
to her for her devotion to this work and her untiring etforts to 
have the statistics complete as far as possible. 

The accompanying running commentary is given simply as a. 
string to hold these statistics together, and in order to call at- 
tention to a few points. 

In compiling any tables like those accompanying this pai>er, 
one is confronted by serious difficulties, some of which render 
these results only approximate. 

In order to insure greater correctness ainl fulliu'ss in the 
statistics to be published the writer’s reports for 1890-92 were 
sent to the president of every college, university, and toelmieal 
school in the country, so far as known. Accompanying this 
was a personal letter which asked of each one his aid in cor- 
recting any errors, and in giving fuller statistics. But relativcdy 
few answers were obtained, and subsequently from one to many 
letters have been sent to each institution not fornu'rly reply- 

* President of the Michigan College of Mines. 
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ing, blit known to have engineering courses, in order to obtain 
the needed information, which is still imperfect. 

Since there seems to be some misunderstanding regarding 
such statistics, it may be said, here, that no students who have 
not announced their choice are credited in these tables to any 
course in engineering; and further, that schools which give 
degrees in one department of engineering only, like the Stevens 
Institute of Technology, the Rensselaer Polytechnic Institute, 
and the Michigan College of Mines, have all their special 
students credited to that department. Special students, when 
there are several courses, can only be assigned to any particular 
engineering course when they have been designated as be- 
longing to that course by the authorities of the institutions 
where they are studying. Accurate statistics of the kind at- 
tempted here ai’e very hard to procure owing to the lack of 
records in many colleges, the disinclination of the authorities 
of many of them to have the facts known, the separation of the 
studoiits into their special courses not taking place until the 
end of the first or second year, etc. The Sheffield Scientific 
School of Yale XJniversity has no classification of its students, 
and therefore no information can be given about it from the 
standpoint of this paper. 

The earlier catalogues of Lafaj^ette College were in this con- 
dition, but subsequent to a strong criticism made by the present 
writer upon this indiscriminate mingling of classical, scientific 
and engineering students (see his report for 1891-92, p. 12), 
an excellent catalogue has been published. 

Ther(^ seenis to bo no real reason why the differentiatiou of 
siiulenis should not be allowed upon their entrance, if proper 
})rovision were made for suhsequont changes. This wmnld 
enable a better statistical record to be kept, and it ought to be 
of great assistance to the instructors in making proper prepara- 
tions for their HubHe(pient work. Catalogues like those now 
published by Lidiigh, Harvard, Ijafayctte, Columbia and some 
others are models in exhibiting the differentiation of the stu- 
dents. On the other hand, it would seem as if the majority ot‘ 
college catalogues were issued for no other purpose than to 
conceal, the truth and cozen the public. Why cannot dear, 
distinct ami truthful statements be made, showing the number 
of students in each course, the exact equipment, and other 
meauB of instruction, stating which of the meml)ei's of the 
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corps of teachers are figure-heads, which are those with whom 
the student will come into personal contact, etc. 

How long will it he possible for catalogues to dilate (as one 
of recent date has done) upon the extraordinary means of in- 
struction that ail engineering student would enjoy with such a 
remarkable equipment and so distinguished a faculty, when 
the equipment consisted of some chemical apparatus, and the 
entire faculty numbered only the president, who wrote the 
catalogue, and his assistant. 

The labor of compiling and obtaining engineering statistics 
is immense — a labor the magnitude of which no one who has 
not undertaken it can realise. This paper alone has cost much 
more than a year of time and thousands of letters; and yet, in 
spite of every care taken, there will unquestionably be found 
grave mistakes in it, and many of the institutions will consider 
that injustice has been done them. This, however, if done, is 
not intentional, and when made known, it will be corrected as 
far as possible in future publications. 

Table L and part of Table IL give the number of students 
in the courses in engineering in the various schools in the 
United States as far as possible for each year since the course 
was established. These tables show that engineering educa- 
tion in the United States has been, on the whole, a tiling of 
comparatively recent date — the pioneer schools being the liens- 
selaer Polytechnic Institute, established in 1824, the Lawrence 
Scientific School, dating fi’om 1846, and the Sheffield School 
from 1847. But little further prominent work was <lono until 
1863, when the Columbia School of Mines was established and 
followed rapidly by numeims other engineering schools. 

Civil engineering has led in this country, and has had vari- 
ous periods of advance and depression. The advancHi was 
most marked in 1887-88 and in 1895-96, wdiile 189t!-97 has 
been a period of depression. 

Mechanical engineering has, on the whole, progresBcd until 
the past year, which in most of the collegOB has beem a iieriocl 
of diminution in the number of students. The same thing has 
also occurred in the case of electrical engineering, wliu;h further 
suffers a natural reaction from having been greatly overdone. 

In mining engineering 1874-75, 1883-85 and 1894-95 were 
periods of advance ; the last having been followed, to the pres- 
ent date, by depression in most collegeB, with notable excep- 
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tions in the cases of the University of California and the 
Michigan College of Mines, which have greatly increased their 
attendance during this college year. These are the only two 
engineering schools in this country that now have over 50 stu- 
dents in mining engineering. These remarks do not apply, 
however, to the well-known schools of mines situated respect- 
ively at Eolla, Mo., and Grolden, Colo., for the reason that no 
information can be obtained from them gi\nng the number of 
mining engineering students in each. These schools are quite 
fully discussed by the present writer in another paper {ante^ pp. 
707—710), to which any one interested in them is referred. In 
the same article there is published also a table giving the 
number of students enrolled in mining engineering courses 
during the past eleven years in the United States. 

In order to enable one to correlate the chief schools of engi- 
neering in the United States, Table III. has been prepared, to show 
at a glance those institutions that have had fifty or more pupils 
in any course in engineering since the school year 1885-86. 

The various statistics collected relating to engineering educa- 
tion seem to show that, as a rule, most of the schools in the United 
States run to specialties, usually one, or two, of the courses ex- 
ceeding the others. Cornell University, however, all but leads 
in three of her engineering courses, being in mechanical engi- 
neering only slightly overtopped by the Stevens Institute, 

Of the schools that give engineering courses, the Columbia 
School of Mines is less known from its mining engineering 
work than by its courses in architecture and civil engineering ; 
Cornell University stands high for civil, electrical and mechan- 
ical engineering ; the University of Illinois for civil and elec- 
trical engineering ; Lehigh University for civil, electrical and 
mechanical engineering ; the Massachusetts Institute of Tech- 
nology is especially noted for its courses in architecture, elec- 
trical and mechanical engineering; the University of Michigan 
for civil, electrical and mechanical engineering ; the Ohio State 
University for electrical engineering ; Purdue University for 
electrical and mechanical courses ; the Rensselaer Polytechnic 
for civil engineering ; the University of Wisconsin for electri- 
cal and mechanical engineering courses ; the Stevens Institute 
for mechanical engineering; Michigan Agricultural College 
and the Worcester Polytechnic for the same, and the Rose 
Polytechnic for its electrical engineering. (See Table III.) 
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In mining engineering the leading schools in the world, so 
far as shown from the records here published, are Freiberg, 
Leobeii, Clausthal, Berlin, Paris, St. Etienne, Schemnitz, Przi~ 
bram, Michigan College of Mines, California, Columbia, Lehigh, 
Massachusetts Institute of Technology, and Colorado. The 
Colorado school has been rapidly improving during the past 
few years, and, if its students were differentiated during the first 
two years, might be found to have more pupils taking the mining 
engineering course than any other school in the IJnited States. 

In addition to the question of yearly attendance in engineer- 
ing courses in the United States, there is here given some com- 
parison of the relative number of students in those of the for- 
eign schools from which statistics have been obtained. The 
School of Mines at Clausthal (See Table III.), established in 
1775, had 21 pupils in 1850-51, and not until 35 years 
(1885-86) later did it reach 100; while in 1870-71 there were 
only 20 students, and 73 was the largest number in any one 
year from 1850 to 1883. In 1896-97 there were 191 students. 
This is one of the leading schools of the German empire— only 
one other standing ahead of it — ^Freiberg. 

The Berlin Bergakadcmle was founded in 1700 and reorgan- 
ized in 1860 under the special auspices of the Prussian Govern- 
ment, while the Prussian Geological Survey was permanently 
attached to the school and the director of the Bergnkufemie. 
placed in charge of both organizations. The government has 
endeavored by every means in its power to force this school to 
the front and to discriminate against the Clausthal oiuq but it 
has failed, owing to the unsuitable location. The l)uildings of 
the Berlin school are palaces, beside which the buildings of the 
Michigan College of Mines are hovels. In 1874-75 the Berlin 
institution had 93 pupils; in 1878—79, 123; in 1881-82, 92, 
when it ran up until it had 152 students in 1884-85, the largest 
number reported. In 1893-94 there >vere 119 students. (Hee 
Table III.) 

The Freiberg was oi'ganized in 1765; but we 

have no statistics until 1845-46, when there were 48 students. 
The number was variable, falling to 46 and again rising to 92, 
until in 1857-58 it reached 129, and the next year 152. After 
that the number fell away, until in 1870-71 there were only 40 
men in attendance. It again rose, reaching 114 in 1874-75, 
and 236 in 1896-97, which is the largest number reporte<l. It 
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is to be remembered that this is the most famous mining 
school in the world and also now the largest, so far as known, 
except possibly Leoben. (See Table III.) 

The Leoben Bergakademie was organized in 1840, had 128 
students in 1886-87, 223 in 1893-94, and 213 in 1895-96. It 
has generally had more students than Freiberg. 

The National School of Mines at Paris was established in 
1778, but during the French Revolution it was discontinued 
and not re-established until 1816. The first statistics we have 
are for 1883-84, when there were 79; in 1890-91, 117, and in 
1895-96, 139 pupils. For the decade from 1884 to 1894 the 
number of students has been remarkably uniform ; lowest 98, 
highest number 139. The largest number in any entering 
class as given is 46, and the lowest number 17. In 1894-95 
there were 43 entering pupils. (See Table III.) 

Of other mining schools, that at St. Etienne had 106 pupils 
in 1886-87, but the next year only 78. In 1895-96 it had 80 
students, and in 1896-97, 103; while the largest entering class 
given was 35, in 1879-80. 

The University of Japan had, in 1898-94, 27 pupils in min- 
ing engineering, which is the largest number given; it had 
only 7 hi 1886-87. (See Table IV.) 

In looking over the various Bergschulen or elementary mining 
schools of the German and Austrian empires, that located at 
Bochum is one of the largest, so far as the records obtainable 
show. Between 1874 and 1893 the largest number of pupils 
was 184 in the years 1885-86 and 1891-92, while the lowest 
number was 93 in 1882-83. (See Table V.) 

Tlie other Bergschulen run in numbers from 7 to 55, averag- 
ing from 20 to 40 pupils each. 

Table VI. gives the number of students graduated in the 
diftbront mining engineering courses in the United States. Of 
these colleges Columbia leads in the number of her graduates, 
433, followed by the Massachusetts Institute of Technology 
with 133, Lehigh University, 92; the Michigan College of 
Mines, i)4; Colorado School of Mines, 67, and the University 
of California, 63. 

If the number of students which graduated in 1896-97 
were known, the relative standing might be changed in some 
cases. 



718 


SOME STATISTICS OF ENGINEEEING EDUCATION. 



Xiimbers for 1892 93 are about 14 iier cent, less than for 1893-91 ; proportion in departmentb about the same.''— Letter from President. 
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^ From 1874-75 the figures indicating the numbei^ in ‘‘Other Courses’’ include the courses in Architecture and all others given in the school 
not enumerated above. 

-}■ “Summary of students not printed in catalogues for 1882-83-84.” — Letter from University. 

J “ Do not make much of engineering work. For about eight years have had an average of 12 or 14 students.” — Letter from College. 

I Have not been able to obtain data for yearn from 1881-82 to 1888-^9, inclusive. 
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btatistics cannot be obtained for years prior to 1872, Freshmen students not classified. 
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Eecords of school do not give the number of students in each course. 

No catalogue issued for 1892-93 ; henee no record of E. M. students for that year. 

“Eo record kept of students in various engineering groups.” — Letter from University. 
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^ Numbers giren in Electrical Engineering for 1892-93 and 1893-94 are for two upper jears only • candidates for E. E. not asked to indicate 
it until they have finished three years (and from 1891-94, four years) in the B. S. or C. E. course, 
f Previous to 1884 data approximated from annual reports. 

J Number given as taking the Mechanical course in 1898-97 includes bludenls taking the Electrical couise. 
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* Classification for previous years cannot be obtained from the University records. 

t Civil and Mechanical courses since 1870-71, but records from that time to 1888-89 are incomplete. Mining course dropped in 1896. 
Electrical course now known as Physics and Electrical Engineering. 
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wide of the truth,*' — Letter from Secretary of Engineering Faculty. 
5 Students not clarified in catalogue until Junior year. 
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University of Virginia, Washington and Lee University, Yale University and McGill University, all of which have one or more courses in 
engineering. 
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Table Jll.—Numher of Students in Engineering Courses in the 
United States in which there were Fifty or Ilore daring the Past 
Eleven Years. 
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Columbia College School of Appl’cl Science 
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Lelaiid Stanford, J iinior, University - 
Massachusetts Institute of Technology 

University of Michigan 

College ot New Jersey 

Ohio State Uiiivcisity 

Purdue University . , 

Rensselaer Polytechnic Institute 

University of West Virginia 

University of Wisconsin 

Electrical Engineering, 

Alabama Polytechnic Institute 

Armour Institute . ., 

Colum bia College School of Appl’d Sci ence 

Cornell UniverMty 

University of Illinois 
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Lehigh University 
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t Includes Metallurgy and Assaying. 
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The Efficiency of Built-Up Wooden Beams, 

BY EDGAR KIDWELL/ HOUGHTON, MICH. 

(Lake Superior Meeting, July, 1S97.) 


Preface. 

To any one acquainted with the practical conditions sur- 
rounding the mining engineer and mine-manager, especially in 
this country, the presentation to the American Institute ot 
Mining Engineers of a paper on the above subject will need no 
explanation. The members of this profession are continually 
called upon to design and erect, both above and underground, 
structures which involve the use of beams. Not to mention 
the various buildings connected with large mining operations, 
I need only refer, in support of this statement, to trestles, der- 
ricks, headworks, etc., on the surface, and to timbered stations 
and other spaces of large span in the mine-workings. 

Notwithstanding the rapidity wdth wdiich iron and steel are 
replacing wood in the construction of large buildings, ihere 
wdll always be cases in which the use of metal will ho unadvis- 
ahle. Especially will this be true in districts remote from lai-ge 
cities. Works of temporary character will continue to use 
timber. High freight-charges, the liability of delays in deliver- 
ing iron, and the temporary character of many of the. strueturos, 
will for many years to come make it advantageous for the mines 
west of the Mississippi and on Lake Superior to const met their 
buildings almost exclnsivcly of Avood. 

The timber-resources of the country arc decireusing so rapidly 
that already the engineer Jinds dilliculty at times in obtaining 
beams of large size. This difficulty will steadily increase, and 
Avill force the constructor to resort more frecpiently to built-up 
beams, such as have long been used in Europe, owing to the 
difficulty of obtaining there such largo sizes of timlnr as have 

* Professor of Mechanical and Electrical Engineering, Michigan College of 
Mines. 
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hitherto been easily procurable in this country. Though 
located in one of the leading lumber-regions, the writer has oc- 
casionally found it necessary to use built-up beams, and other 
constructors have had a similar experience. 

The experiments herein described were made in the mechani- 
cal laboratory of the Michigan College of Mines, with the ob- 
ject of obtaining data which I have found necessary for the 
efficient execution of work placed under my charge. 

I take pleasure in acknowledging my obligations to my as- 
sistant, Mr. C. F. Moore, and to Mr. James Fisher, Instructor 
in Mathematics, both of whom rendered valuable aid by ob- 
serving the deflections during the tests. 

Further investigation will be necessary before all important 
points can be well worked out. The experiments required for 
this purpose will be made as soon as my other engagements 
permit, and results will be reported in a later paper. 

Before designing the beams herein discussed all literature on 
the subject accessible to the winter was looked up, but it was 
found to be scanty in amount, and of little practical value. At 
the close of this paper is given a list of all references found. 

So far as the writer knows, T. M. Clark is the only author 
who assigns any numerical value to the efficiency, or the ratio 
of the strength of a built-up to a solid beam of the same size."*" 
Other writers arc either silent on this point, or seem to think 
it necessary to warn the reader that a built beam is not stranger 
than a solid one. A built beam cannot be stronger than a 
solid one (as some have supposed), when the material in the 
soli<l one is as good throughout as that in the built one” (De 
Volson Wood). We obtain nearly the strength of a solid 
iKUim of the total depth’’ (Trautwinc). The strength of the 
former (/.c., built beam) is to bo relied upon, although it cannot 
be stronger than the corresponding solid one, if perfectly 
sound '' (Wheeler, copied by Kidder). 

None of these writers give other than rule-of-the-thumb 
methods fi)r designing built beams, and even these rules are 
fmv. ^rhe extremely important consideration of the relative 
stiiihess of solid and built beams is not even mentioned. 


Bince this was written the efficiency of several beams has been found in 
Bmitlfs P^'per on ‘‘Yellow Pine Timber” (see page 818 ). 
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Beams desig'ned according to these rules have not, -(vhen sub- 
jected to the full load for which they were calculated, in any 
case which has come under the writer’s notice, borne out the 
statements just quoted. The chief defect in built beams is 
their great lack of stiffness. Some forms, even wheji lightly 
loaded, deflect to an extent which renders them useless in any 
building whose interior is to be finished. 

The "Writer therefore decided to make such tests as would 
enable him to determine, with sufficient accuracy for all practi- 
cal purposes, the relative strength and stiffness of built-up 
beams and solid beams. The pieces tested were not so large 
as the writer would have had them, but the mechanical facili- 
ties at his command, and the difficulty of obtaining sticks 
which would saw up into the desired check-pieces, prevented 
the use of larger sizes. It is believed, however, that the method 
of experimenting is such that the results here obtained are 
equally applicable to larger-sized beams. 

After each set of tests are given the "writer’s conclusions con- 
cerning the form of beam tested. It Avill not bo amiss, ho\v- 
ever, to state here in a condensed form a summary of the con- 
clusions drawn from the whole work. 

The results obtained seem to demonstrate that it is practi- 
cally impossible to build a compound beam tliat will be a.s 
strong as a solid beam of equally good material. Indented 
beams are costly, wasteful of material, and cxtreiuoly incilicient, 
and hence should be avoided. Clark’s design is not liastal on 
correct principles, and hence gives a. beam that hick.s both efl 
fieiency and stiffness. Beams with inclined keys are eostly to 
build, and are of low efficiency. The winter’s design, ha.stMl 
on the use of pipes, is a fairly cheap form, and I'xeels tdark'.s 
in both efficiency and stiffness, bnt is inferior in both respects 
to keyed or joggled beams. The latter form appears lo be in 
every respect superior to any other. Blocking apart^ the com- 
ponent pieces of a keyed beam does not, contrary to tlu' gener- 
ally accepted v5c"\v, increase the efficiency to any appia'ciable 
extent, but does increase the stiffness under modcrati? loads. 

The greatest defect in all built-beams is the tendency of the 
keys or other fastenings to rotate in their slots, ami unless such 
rotation is prevented the component ])iirts of the beam slip, atid 
both the efficiency and stifthoss are impaired. All washers for 
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bolts should be extra large and heavy. The ordinary cut 
washers are entirely too small and light. The writer advises 
cast washers whose diameter is four to five times that of the 
bolt, and thickness equal to not less than three-quarters of 
diameter of bolt. Numerous small keys closely spaced give 
better results than fewer larger keys, since the rotation can be 
more easily prevented, and the beam itself is not weakened by 
large slots. It is impossible to make an efficient beam by using 
bolts alone as fastenings, as bolts easily bend, and the pieces 
slip. 

The resistance of soft wood to end-pressure is so much greater 
than that of hard wood to side-pressure, that hard-wood keys, 
even in beams of white pine or other soft wood, become in- 
dented, and allow the component parts to slip, thereby increas- 
ing deflection of the beam. Oak keys certainly cannot, esj^e- 
cially if the span of the beam is short, give satisfactory results in 
beams built of oak, the yellow pines, or other hard wood, and 
either a much stronger wood for keys must be got or iron 
keys must be used, if the construction is to be in reality what 
it often is only in appearance. The breadth of a key should 
never be less than twice the thickness for permanent work, 
and two and a half times the thickness would he much better. 

Ill the center of the beam a length equal to one-quarter of 
the span should be left free of keys or fastenings of any kind, 
unless, perliaps, a few lag-screws passing througli the compres- 
sion-member, but not more than half-way through the tension- 
member. 

Tlie yielding of the wmod around bolts or pipes, against keys, 
etc., the ])enetnition of end-wood into end-wood in indented 
l)oams, and the slight rotation of keys in their slots, all conspire 
to produce in a built beam a set of conditions diflerent from 
those existing in a solid piece. The oftect of this is to render 
the (leflcHdion of a built beam greater than that of a solid one. 
Ooiuliiioiis existing in a solid beam are most nearly reproduced 
in a built one when a number of small, broad, iron keys are 
used. Hince these do not indent, the slip is less; hence, stift- 
uoBs is greater, and l)y proper proportioning such a built beam 
can be made practically as stiff as a solid one, as shown in the 
cases of beams Nob. 28 and 29 A. 

The keys should be so located that the faces receiving a 
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thrust are perpendicular to the joint between the sticks. When 
inclined keys are used, as in Rankine’s and Brunei s beams, the 
component pieces slide up the inclined faces of the keys, pi'}^ 
apart the joint, and the benefit of friction between the faces ot 
the sticks is lost. Neither great strength nor stifthess can be 
secured by any form of key not provided with wedges which 
can be firmly driven up. Any other construction, regardless of 
the care used in fitting keys to their slots, leaves more or less 
slack, which is taken up as the load is applied, so that the com- 
ponent parts of the beam slip. 

The wide range of efificiencies, even in l)eams of precisely 
the same design,"shows the impossibility of getting equally close 
work in every case. In view of the fact that the wiitei pci- 
sonally built every beam with great care, and that the same 



Objectionable Form of Built Beam. 


grade of work can hardly be expected when ordinary workmen 
are employed, the writer would, in case of any permanent 
structure, hesitate to count on over 75 per cent, offnataicy in 
beams with joggle-keys,* or 65 per cent-, in any of the other 
patterns. 

It remains only to call attention to certain precautions winch, 
as the writer knows from experience, are sehltnu obsm*ve<h 
Built lieams are often made as in Fig. 1, tlie joists resting on 
the lower piece. Sometimes the joists rest on a ledgi‘-pie<‘e 
spiked on the lower half of the compound beam. The writer 
considers these methods very objectionable. In nearly all of 
the tests the tension-side failed first. It is evident that when 
the pressure of the joists comes on the tenBion-inece in the built 
beam, the piece tends to act indcpcudently, like a continuous 


* Eighty per cent, for beams like Nos. 28, 29 A and 29 B. 
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beam whose spans are the distances between bolts. If the bolts 
are in the slightest degree slack, the tension-piece drops a’svay 
from the upper piece in compression; and hence the tendency 
of the latter to act independently of the lower piece is in- 
creased, while the space made between the beams greatly facili- 



FIG. 2, 



Bridle Irons. 


tates bonding of tlie bolts and rotation of the keys. The weight 
of tho floor ought to go on top of the beam, and if the joists 
cannot bo made to bear directly on the built beam, they should 
be swung in bridle-irons (Pig. 2), or in some of the patent 


Fig. 3. 



boam-hangors. The Avritcr thinks that light Z-bars, as in Pig. 
S, would give oxcollont results, but has not had an opportunity 
to try thorn. 

PART I. 


r. Condition and Method oe Experiments. 

Kind and Grade of Limber Used . — All the lumber was pur- 
chusod of the Sturgeon River Lumber Co., Ohassell, Mich. 

The Norway pine used in tests described in Part II. was very 
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dry, and all dressed to size at the mill. The pieces were cut 
out of large beams which had been piled on the company’s 
dock for a couple of years. They were free from large knots, 
shakes, etc., but a few of them had some sap-wood, and knots 
ranging from pin size up to one half-inch in diameter. The 
best of the large beams were selected, and the small ones then 
sawed out, without reference to how the grain ran in the pieces. 
All of this Norway pine was of a better grade than would be 
used in an actual structure, unless special care were taken in 
selecting the pieces. 

Beam's numbered 0 to 50 in Part I. were constructed of white 
pine, except where otherwise noted in the report. That the 
efficiencies determined from the tests might be unaffected by 
variation in strength of the pieces used in the beam, it was con- 
sidered necessary to use No. 1 clear white pine, each piece 
specially selected so as to obtain a uniform and straight grain 
from end to end. The attempt was made to secure beams so 
cut that one side would be tangent to one of the annual rings, 
in the center of the beam, but it was not possible to obtain a 
number of such pieces sufficient for all the tests. 

The white pine, except in beams Nos. 8, 9, 25, 20, 27, and 
86 to 50, was sawed in June, stacked to dry till August, then 
dressed and delivered at the College of Mines, whore it was piled 
so as to be exposed to ample draught of air. The other white 
pine was sawed in August, and immediately dressed and de- 
livered. It had the benefit of fi.ve weeks’ drying by steam before 
it was used. No moisture-determinations were made, as the use 
of the check-pieces rendered such determinations unnecessary. 

Building Up the Beams . — ^It seemed to the writ<‘r that if the 
tests were to be of any value the workmanship of the beams 
must be of the same grade throughout, and of tirst-class 
quality. He found it useless to expect an ordinary carpenter 
to carry out instructions with sufficient care, or understand the 
purpose of the tests; hence it became necessary either to 
abandon the work or build the beams himself. Ho therefore 
personally built and tested every beam herein mentioned. 

All the white pine was dressed to exact thickness at the mill. 
After the lumber was delivered the pieces for testing were care- 
fully laid out to gauge, then sawed square to size, so that no 
planing was needed to even up the widths. 
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Oy^der of the JExpenments , — ^In the following report the beams 
are numbered consecutively for convenience, but those num- 
bers have no reference to the order in which the tests were 
made. The first work was done on the Norway-pine beams de- 
scribed in Part II. The intention was to test a number of 
single sticks, determine their average strength, and then use 
that average as a basis for computing the efficiency of the built 
beams. As the work progressed, it became evident that the vari- 
ation in the strength of the single pieces was entirely too great 
to render the average a safe basis for figuring the efficiency of 
the built beams. It was, however, considered worth while to 
continue these tests, for reasons that are given in Part IL 
It is clear that the essential point is to determine the effi- 
ciency of the joint between the pieces composing the beam, en- 
tirely independent of the usual variations in the strength of 
separate pieces of timber of the same kind. It appears to the 


Fig. 4. 


1 2100 * Aj 


j 22C0 ^ Bg 

Uj 2240 ^ / 


Showing method of cutting out check PiECEa. 

writer that ihe only practicable method of doing this, or any- 
thing like it, is to provide a separate check on each built-up 
l)oam by testing pieces cut from the same plank from which 
were taken the pieces used to build up the beam. Purther, 
these check-pieces must have the same grain, etc., as those 
used in the built beam. Tliis plan was accordingly followed in 
beams, hTos. 0 to 50. 

Most of the white pine was in pieces 9.625* inches wide, 2.75 
inches thick, and 12 feet long. The best method of procedure 
seemed to bo to saw this plank into four pieces, each 4.75 
inches wide, 2.75 thick, and G feet long, then use for the built 
beam two pic<ieR diagonally situated, reserving the other two 
for testing singly, to obtain a basis on which to figure the effi- 
ciency ol‘ the btiilt beam. jK//., the plank would be sawed as 
in Fig. 4, then A and 1) would bo used for the built beam, 
while B ami 0 would bo tested singly. 


* See foot-noto, page 747. 
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Before deciding on this plan, a wide hoard was cut as in Fig. 
5, and each piece was tested with the following results. 

In all the tests the loads were applied at the center of the 
span. 

At = 1260 Bi == 1270 A2 = 1150 

Dt = 1210 Cl = 1270 P-2 == 1260 

Sum, 2470 Sum, 2540 Sum, 2410 

A board as in Fig. 4 was then cut up and tested as follows : 

A3 = 2100 B3 == 2266 

Ds = 2240 C3 = 2310 

Sum, 4310 Sum, 4576 

In view of these results, the foregoing plan was considered 
satisfactory, and was followed in all tests included in Part I. 


B2 =1200 

C2 =: 1140 


Sum, 2340 


Fig. 6. 
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It must he remembered, however, that it is impossible to get 
sticks of a quality so uniform throughout as to jnwtify the belief 
that the method of using check-beams, as here done, giv(‘s abso- 
lutely correct results. That the results are more acnairate than 
anything hitherto obtained, the writer is fully convin(*ed ; yet 
inspection of the differences between the ultimate loads of' the 
check-beams themselves demonstrates that mathematical a(H*,u- 
racy is not, and probably cannot he, obtained in work of tliis 
nature. The results of beam ISTo. 24 show this. 

^^Both Prof. Lanza’s tests on wooden beams and those con- 
ducted by the author show that beams having a shorter length 
than 20 times the depth under a uniformly distributed load, or 
less than 10 times the depth under concentrated loads, should 
be dimensioned for shearing lengthwiso,’’’^ Further, it is 


* Materials of Gomtructionj J. B. Johnson, First Edition, p. G8L 
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mathematically shown in Part III. that the efficiency of a built 
beam is necessarily greater with large than with small ratios of 
span to depth. It was therefore considered advisable in these 
tests to make the ratio near the critical value of 10, hence the 
beams in Part L are mostly proportioned to a ratio of 12, 
while a ratio of 9.6 is employed for the majority of beams in 
Part II. 

Conducting the Tests , — All the testing was done on a Piehle 
100,000-pound testing-machine, the beam of which is graduated 
to read to 10 pounds. To adapt the machine to testing pieces 
up to 9-foot span, the platform was extended by means of three 
6-inch steel I-beams, 9 feet 6 inches long. The knife-edges 
accompanying the machine were then elevated the proper 
amount by placing them on hard pine blocks, the bearing-area 
of the cast-iron block carrying the knife-edge being sufficiently 


Fig. 6. 



largo to prevent any appreciable indentation of the hard pine. 
Iron plates 3 inches wide and 0.5-inch thick were [)laccd be- 
tween kuire-edges and the beam, as shown in Fig. 0. The 
pressure on the beam was applied through a Norway-piue 
block, whose under-edges on each end were beveled for a dis- 
tance of 1 inch, as shown in the ■figure. 

Measuring the, Dejlections. — 'No means of measuring the deflec- 
tions with great accuracy were available. It is believed, how- 
ever, that the results obtained by the following method are 
accurate enough for all practical purposes, as is clearly shown 
by the curves in the deflection-diagrams. 

A steel miil was driven into one side of each beam, in the 
neutral plane and center of the span. This nail was tlien care- 
fully sharpoiu'd, and the point was made to move over a steel 
scale graduated to sixteenths of an inch. An assistant read off 
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the deflections while the writer noted the readings of the beam, 
and attended to the operation of the machine. 

It was considered, unnecessary to measure the deflections be- 
yond a point where the load on the beam was over twice what 
would be used in practice, even with a small factor of safety. 

Re^ortivg the Tests.— Owing to the dearth of information on 
the subject of this paper, it has been considered advisable to 
give a full report of each test, so that the reader will be put in 
full possession of all the facts necessary to enable him to diaw 
his own conclusions, which may not alwav's coincide with those 
of the writer. The drawings show all details of construction 
of the beams. . The superior value of graphical illustrations is 
so generally conceded, that it lias been considei'ed best to omit 
the'^usual tables, and to plot deflection-diagrams which enable 
the behavior of the beams to be understood at a glance. The 
latter is a most important point, since the question of stiffness 
in a beam is really more important than that of high eflieiency. 
A beam highly efficient, but lacking in rigidity, would bo 
worthless for most purposes of construction. 

OoTtiputing the JEffidenoy. — All of the white pine bnilt-boams 
and check-pieces were weighed previous to testing. These 
weights could have been neglected without matorial error, Init 
it was tlionght best to take them into account. No correction 
was made for the length of beam overhanging knife-edges, hut, 
to offset this, the weight of the TSTorway-pinc block used for dis- 
tributing the pressure applied by the drawbeud of the machine 
was neglected. The efficiency was computo<l as follows : The 
sum of the ultimate strengths of the two check-pieces was 
doubled, and to this was added the weight of these two pieces. 
This result gives four times the average strength of each (iheek- 
piece, which amount would bo the strength of a solhl beam 
double the height of the check-piece, and of exactly the. same, 
quality. This value was taken as unity, and the ultimate 
strength of the built beam, corrected for weight, was referred 
to it to find the efficiency. 

JExample. — In beam No. 1, 

Check-piece A, weight 17 pounds, broke at 2700 pounds. 

“ “ D, weight 18 “ “ 2000 “ 

Sum, 35 “ Sum, 5300 » 

2 X 6300 35 = 10635. = probable strength of solid Iwnm. 
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Diagram 1, 



Defuection Tests on Single Sticks. 
Each lAOirlzantal apace -JtSs dellectlon. 


VOL, xxvii,— 49 
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Built beam weighed 42 pounds. Broke at 7600 pounds. 

Correct for weight, 21 “ 

7521 “ 

Hence, efficiency = ^ cent. 

lObSS 

Plotting the Deflections . — ^Diagrams 1 to 14 show the curves or 
“ characteristics ” of all beams whose cleflcetioii was measured, 
except two. Some of the beams were one-quarter to one-half 
inch narrower than the others, and in such cases the loads ob- 
tained from the tests were multiplied by the proper factor to 
convert the beams to the standard width of their class. The 
values thus obtained were used in plotting the curves. 

Further, to indicate the relative stifihess of solid and built 
beams, the diagrams for Part I. show characteristics for a solid 
beam of the same size as the built ones, calculated on the 
assumption that the modulus of elasticity of vdiite pine is 

1.000. 000. That this assumption is practically correct for the 
material used in these tests is shown by the curves for built 
beams l^os. 28 and 29 A, as well as the following tests on solid 
beams : 

Four pieces, A, B, 0, and D, were cut from a plank as in 
Fig. 4, each piece being 2.75 inches deep, 4.75 inches wide, 
and 66 inches span. These were subjected to deflection-tests, 
and the results are plotted in Diagram 1. The line in the 
center has been drawn to represent abont the average of the 
four curves. This line gives the modulus of elasticity, E = 

931.000. Test on check-pViece for beam No. 0 (Diagram 2) 
gives E = 967,000. 

Since the Association of Railway Superintendents of Bridges 
and Buildings has recommended (Fifth Annual tlonveutiou)* 
that 1,000,000 be used as the modulus of elasticity of white 
pine, and the results of the tests are so nearly e([uul to this 
value, it has been thought best to use it here in plotting the 
theoretical characteristics for solid beams. 

Ko correction has been made for the deflection of the steel 
I-beams. The moment of inertia of each beam is 28.4. As- 
suming a span of 66 inches, and a center-load of 4000 pounds, 
the girder composed of three I-bcams will deflect only 0.009- 


Proceedings for 1895. 
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Diagram 2. 



AM.BK.NUTI C0,,N.V. 


Indented Beam 

Baeli liortzontal space Inch deflection. 

iiicb. Tho actual dofloction was Ions tliau tliis, Binee, o-\vinf>; to 
the width of the machine-platform, tho weight wuh dirttrihiited 
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over a distance of 27 inches. It is therefore evident that 
tlie deflection of the steel beams was too trifling to be taken 
into account. 

II. Fokms of Beam not Considered Worth Testing. 

As the experiments proceeded it became evident that certain 
forms of built beam more or less recommended by some writers 
are devoid of merit. It is well known to engineers that many 
of the complicated joints used in carpentry, even at the present 
day, are of no value, and are merely the survival of methods 
employed in ancient times, when bolts and screws were un- 
known or too expensive to use, while timber was cheap, and 
joints were made mostly with hard-wood tree-nails. 

Big. 7 represents a form much advocated. When straps are 
used, as shown on the left, the beam is tapered slightly, so that 



the straps can be driven up tight, like hoops on a bai-rel. The 
objections to this beam are many. If straps are used, they will 
bo very costly if properly made, and very ineflieient iml(‘ss the 
beam is accessible so that the straps can be driven up from time 
to time, until the wood is perfectly seasoned. Tlie writer does not 
believe that it is possible for the average car])enter to lay <»ut a 
beam of this kind and work with such accuracy that- each in- 
dent will bear evenly on the one adjacent to it. Nor can this 
defect be remedied by making a driving tit. The amount of 
work necessary for forming the pieces is so excessive that in 
the opinion of the writer the only consideration to justiiy the 
use of this form at all would bo an efliciency superior to that 
of any other form. It is evident at a glance that sui'h efliciency 
cannot be got; but in order to remove any doubt, the following 
test was made : 
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Indented Beam No. 0 A. — Two pieces of white pine 3.75* 
inches deep, and 4.5 inches wnde, notched down one inch, giv- 
ing built beam 6.5 inches deep. Pieces secured by four 0.5- 
inch bolts and two 0.5-inch lag-screws, 6 inches long. (See 
Fig. 8.) Span, 66 inches. Weight of beam, 42 pounds. 
Check-beam, 3.75 inches deep, 4.5 inches wide, and weighed 
20 pounds. Pieces cut from one plank, as in Pig. 22. Both 
beams were tested for deflection. Check-beam broke at 2960 
pounds, built beam at 6180 pounds. The curve in Diagram 2 
shows that the deflection of the built beam was just double that 
of a solid stick of the same size. 

Since the strength of a beam varies as the square of its 
height, the ultimate load of a solid beam 6.5 inches deep would 


be (2960 + 10) X = 892.8 pounds, and the efficiency 


of the built beam = = 69.5 per cent. 

8923 ^ 


Fig. 8. 
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Since the indents cut off 1 inch from the depth which might 
have been secured ])y using other methods, the efficiency, re- 

ierr(‘d to 7.5 inches depth, will bo = 53 

^ ' 4 X (2960 + 10) 


]K‘r ccnit. 

Assutniug that these two pieces had been built up by Clark’s 
method, wlfudi is about the poorest of those to be described, 
(lu^ ultimate load would have been, on a basis of 71 per cent, 
etlicimuw, 8434 pounds, against 6180 as shown in the test. 

4\) (Ud.ennine the detleciion cniwc for a solid piece 6.5 inches 
deep, tJm loads for each deflection-reading in test of the check- 

luauu \ver(‘- multiplied by L-p * p) ? iuid the resulting curve is 

^3* It)/ 


{ilot.U'd in Ditit^riun 2. 


* All HiwiHurementH of tcHt-pioces^vero to oven Hixteentlia of an inch. For the 
couvenience of the printer, thcHc are given in decimal form hereafter. 



748 


THE BFPICIBirCY OE BUILT-UP WOODEN BEAMS. 


These results show clearly that this form of beam is to be 
avoided ; hence, no further tests were made on it or its modifi- 
cations. The test developed the fact that where end-wood 
hears on end-wood the fibers easily penetrate one another like 
a series of wedges, and these allow the component pieces to 
slide, thereby increasing the deflection and cutting down the 
efficiency. 

The writer believes that this form would give better results 


FIG. 9. 



were driving k^ys, or even slips of tin, put between tlic faces 
of indents fo prevent end-wood from coming into contact. 

Fig. 9, from Mahaifs Cml Engineering, shows a method of 
applying to a beam three pieces deep the idea embodied in the 
beam just discussed. This is clearly’^ a worse design than the 
other, as the waste of material and the labor of building up are 
very great; the sag will be excessive, and fracture will soon 


FIG. 10. 
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occur at a. It w^as considered usoloss to test this form, or the 
ones immediately to be described. 

Fig. 10 represents the same idea applied in a somewhat 
different manner, and has no merit ov^or the pi'cctxling form, 
except that it might, perhaps, be cheaper to build. It is clearly 
a waste of good material. 

Fig. 11, from Tredgold’s Carpeniiy, rIiowh the same idea, but 
the king-bolt with wedge-shaped head has been added, in order 
to jam the faces of the indents and prevent the beam from aug- 
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ging. This expedient evidently does little good, since it in no 
way makes up for the failure to space the indents at exactly 
equal distances, and merely creates in the bottom-piece an 
initial tension which will cause the beam to fail sooner than 
otherwise. It also requires a hole through the tension-side of 
the beam at the point where the bending-moment is greatest, 
which is a serious defect. 

Fig. 11. 



Tredgold'S Beam. 


Fig. 12 represents a beam advocated by no less an authority 
than Rankine. He says : 

Considering that the stress at the neutral surface is equivalent to thrust in a 
direction sloping at 45°, combined with tension in a direction sloping at 45° the 
opposite way, it would seem that the best position for the keys would be that 
shown in (our) figure, their fibres being made to slope in the direction of the 
thrust, and the bolts being made to slope in the direction of the tension. This, 
however, so far as I know, has never yet been tried. 


fig, 12. 
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Rankine«8 Beam. 

KEYS OF WHITE OAK 1?^ INCH SQUARE, HALVES TAPERED AND DRIVEN UP. 


Tlic writer docH not believe that this reasoning is perfectly 
sound. The stresses mentioned refer entirely to the case of a 
solid iKuim; nor could any amount of bolting, etc., ebange 
them in any way, or add any strength to a solid beam. The 
problem in the ease of a built beam ia how most effectually to 
prevent motion along the joint between the component atieka; 
and it is self-evident that this can best be done when the prea- 

* Civil Engineering, page 403. 
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siire oil the feeys, bolts, or other means used, is resisted 1)y sur- 
faces at right angles to the direetioii of raotiou. Since tlio 
tension-side must elongate, it is clear that as soon as Itankine’s 
beam is loaded the bolts will tend to become vertical, fail to 
hold the iDieces firmly together, and, in consequence, })ermit 
the component pieces to slide up on the iucliuod faces ot the 
keys. The result will be failure of the heani under moderate 
load. 

This construction is also expensiv^e. The bolts would Imve 
to be provided with cast-iron scats under wasliers, or else 
notches large enough to hold the washers would have to be cut 
in the timber, thereby causing a serious loss of strength, espe- 
cially on the tension-side. 

The correctness of this view is evidenced by the following : 

III. Tests on Rankinb’s Beams. 

No. OB. Two pieces of white pine, oacdi 2.75 inclies decq) 
and 4.75 inclies wide. Bolted and keyed as in Fig. 12. t^})an, 

66 inches; weight of beam, 32 pounds. Broke at pounds. 
Check-pieces: B weighed 13 pounds, broke at 287t) pounds ; 0 
weighed 13 pounds, broke at 3440 pounds. Etfuleiuw built 
beam, 67.9 per cent. 

No. 0 C. Same as 0 B. Built beam weighed 35 ] rounds, 
broke at 5900 pounds. Check-pieces: B weighed 14 pounds, 
broke at 2930 pounds; C weighed 14 pounds, broke at 2080 
pounds. Efficiency of built beam, 58.8 t)er cent. Avcu’uge 
efficiency from the two tests, 63.3 per cent 

Owing to the peculiar construction ot‘ this btuun it was 
thought desirable to test two of them turned upside down. 

No. 0 D. Same as 0 B, except that the sticks werc‘ 4.5 inehes 
wide, and the beam was inverted. ‘Weight of huib btuim, 36 
pounds; broke at 5700 pounds. Cliccdc-pieces: B Widglieil 15 
pounds, broke at 8500 pounds; C weighed 14 pounds, broke 
at 3200 pounds. .Efficiency of built beam, 42.0 per eeut. 

No. 0 E. Same as 0 I>. Beam weighed 32 pounds, broke at 
4750 pounds. Check-pi oees : B weighed 13 pounds, !)roke at 
2670 pounds; C weighed 14 pounds, broke at 2HH0 pounds. 
Efficiency of built beam, 42.8 per cent Average of 0 I) and 
0 E, 42.7 per cent 

Diagram 3 shows that the first two beams started very well, 
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Dia&ram 3. 





RANKINE'S and BRUNEI'S BEAMS. 
Bftck lioi’lzontal spaco-Ha Inch dcttectlon. 
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but as the load increased the deflection became marked. This 
was wholly due to the straightening out of the bolts. The 
best result was got from beam bTo. 0 D, which was inverted, so 
that the bolts drew tighter as the loads increased. On the 
other hand, ISTo. 0 E gave the worst results. 

The low efficiencies speak for themselves. They are duo to 
the fact that as the bolts drew more and more near the perpen- 
dicular position the component sticks slid up on the inclined 
faces of the keys, and sprung the joint open three-eighths ot an 
inch before the beam failed. This caused excessive deflection 
under high loads, and prevented the usual frictional resistanci's 
between the surfaces of the component sticks from coming into 
play. 

The writer, therefore, fails to see any merit in liankiuc’s 


FIG. 13. 
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Brunel’S Beam. 

KEYS OF WHITE OAK, t X 2 INCHES, HALVES TAPERED AND DRIVEN UP. 


beam, and believes that, judging from No. 0 1), tuuoh better re- 
sults could be got by iuelining the bolts tbo other way, abotit 
10 degrees from the perpendicular, provided i^ropt^r shaped 
washers of ample size were used. 

IV. Brunei/s Beam. 

Big. 13 shows a beam much used hy tlio distinguislual iuigi- 
necr, L K. Brunei.* The model tested differs from Bruners 
actual construction to the extent that all keys on oiu^ side of the 
center of span are turned the same way, while Brunei made the 
end-key face in a direction opposite to the othm's next to it. A 
key so placed seems to do little or no good, sincH^ tlu^ emu- 


* €f, ‘‘Transverse Strength of I^argc Ihjams of Yellow Pine Timber/* 11. 1). 
Smith, Proceedings of the ImUtuUon of Civil Engineers, voL cxxviii., p. 
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ponent sticks slide over it; hence, that arrangement was not 
used in the tests. 

No. OF. Two pieces of white pine, 2.75 inches thick and 4.75 
inches wide, keyed and bolted as in Fig. 13. Span, 66 inches. 
Built beam weighed 33 pounds, broke at 9780 pounds. Cheek- 
pieces : B weighed 13 pounds, broke at 2690 pounds ; C 
weighed 14 pounds, broke at 2860 pounds. Efficiency of beam, 
88.0 per cent. 

No. 0 G. Exactly the same as 0 F. Beam Aveighed 34 
pounds, broke at 8660 pounds. Check-pieces : B weighed 15 
pounds, broke at 2800 pounds; C weighed 14 pounds, broke 
at 3120 pounds. Efficiency of beam, 73.1 per cent. Average 
efficiency from the two tests, 80.6 per cent. 

Diagram 3 shows that this construction gives a good stiff 
beam. The efficiency is not, however, as high as that of the 


Fig. 14. 



plain joggled ])cam, for the same reason as in Rankine’s con- 
struction — the component sticks ride up on the faces of the 
keys and force open the joint. This could be prevented only 
by a mnnher of holts and size of washers that would he pro- 
hihitivi^ The writer also found that much more time is neces- 
sary to make a good lit between keys and their slots than is 
necessary with the plain joggle-keys, and therefore docs not 
recommeml any form of beam with inclined keys. 

V, CiuAek’s Beam. 

The ('onstruction of this beam is shown in Fig. 14. Clark 
says that the idea was suggested by the design of certain 
bridge-trusses, and adds : 

action of the obli<|uo RtrntB in the bridge can be applied to the com- 
pound beam in the yiinpleHt poBHihle way by nailing obli(|ue pi(‘ceH of hoard 
linuly to the timbers, reversing them on oppoaito Bides, in imitation of the 
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reverse struts in tlie bridge-truss. If these boards are 1.25 inches thick, their 
united strength will be greater than that of either of the beams and if well 
nailed, so as not to spring, the lower beam will be torn apart before they will 
yield. The nails, if long enough to penetrate three inches or more into the 
girders, can only give way by shearing, which would recjuire a force greater 
than would be necessary to break a solid beam. The strong tli of a girder 
built up in this way will not be affected by shrinkage, which soon causes more or 
less deflection in those indented or keyed together; for its resistance is main- 
tained by the board struts, which act only in the direction of their length ; and 
this remains invariable, whatever may be the lateral bhrinkage.^’f 

To test this beam, Clark constructed models one-eieilith of 
actual size, making the component parts 1.5 inches deei» and 1 
inch wide. On the same scale the model would have l)een 
inches long, but in order to decrease the weight neet‘sstiry to 
break it, he made the length 10 feet. The inotlel showed a 
strength equal to 95 per cent, of that ot an ecpiivalent solid 


Fig. 15. 



beam, and Clark assumes this value to hold gootl for the 
actual girder composed of two S- l)y 12-inch pii‘(H‘s of 20 fetd; 
span. 

In the tests to ho described, white pine was usial tor side- 
struts in some of the beams, and selected Xorway pine in the 
others. Diagram 4 shows deflections, 

No. 1. Two pieces of white pine, each 2.75 inches d(M‘p ami 
4.75 inches wide. Side-struts of white pine O.fMucli 
secured by 2-inch steel wire nails. No bolts used. Span, 
inches. (See Fig. 15.) Weight of beam, 42 pounds. fJroke 
at 7500 pounds. Oheck-picccs : A weighed 17 pounds, broke 

* In tlie case under diBcmssion, two 8- by 12-ineh pieces of Ckn^rgia pine were 
to be built into a compound beam, 
t Building Bupermiendencef page 91. 


THE EFFICIENCY OF BUILT-UP WOODEN BEAMS. 


755 


Diagram 4 . 



CLARK'S Beam. 

Each UorlsEontal fpaoo»-Ha aoUoctlon. 
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at 2700 pounds: D weighed 18 pounds, broke at 2600 pounds. 
Efficiency of built beam, 70.7 per cent. 

i^o. 2. Exactly tbe same as l^o. 1, except that tbo beam 
weighed 88 pounds. Broke at 5200 pounds. Check-pieces : 
A weighed 16 pounds, broke at 1880 pounds; B weighed 16 
pounds, broke at 1980 pounds. Efficiency of built beam, 67.3 
per cent. 

ISTo. 3. Exactly the same as ¥ 0 . 1, except that the beam 
weighed 42 pounds. Broke at 7800 pounds. Check-pieces : 
B weighed 18 pounds, broke at 2400 pounds; C weighed 18 
pounds, broke at 3500 pounds. Efficiency of beam, 72.2 per 
cent. 

hTo. 4. Exactly similar to ¥ 0 . 1, except that side-struts were 
of selected 17orway pine 0.5-inch thick, and beam w'eighed 37 
pounds. Broke at 6180 pounds. Check-pieces: A weighed 

Fig, 16. 


15 ponnds, broke at 1830 pounds; D w’eighed 17 pounds, 
broke at 2150 ponnds. Efficiency of beam, 77.6 p(‘r eent. 

No. 5. Two pieces of white pine, each 2.75 inches de('p and 
4.75 inches -wide. Side-struts of selected Norway pine 1 inch 
thick, secured by 3-inch wire nails. No bolts used. Span, 
66 inches. "Weight of beam, 50 pounds. Broke at 
pounds. Chock-pieces: B weighed 16 pounds, broke at 2150 
pounds; C weighed 17 pounds, broke at 2640 pounds. Ef- 
ficiency of beam, 72.8 per cent. 

No. 6. Two pieces of white pine, each 2.75 inches <leep and 
4.75 inches wide. Side-struts of 0.5-inch white pine, Heeurcal 
by 2-inch wire nails. Pieces further secured by eight 0.5-inch 
bolts. Span, 66 inches. Weight of beam, 45 pounds. Broke 
at 8400 pounds. Chock-pieces: B weighed 10 ponnds, broke 
at 3000 pounds; C -weighed 16 pounds, broke at 3190 pounds. 
Efficiency of beam, 67.9 per cent. 
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ISTo. 7. Two pieces of white pine, each 2.25 inches deep and 
2.75 inches wide. Side-struts of 0.5-inch white pine, secured 
hy 2-inch wire nails. Span, 108 inches. (See Fig. 17.) Weight 
of beam, 34 pounds; broke at 1680 pounds. Check-piece was 
2.75 inches wide and 4.5 inches deep. Weight, 22 pounds; 
broke at 2600 pounds. Efficiency of built beam, 65 per cent. 

Fig. 16 shows the method of cutting out the various pieces. 

No. 8. Two pieces of white pine, 2.25 inches deep and 2.375 
inches wide. Side-struts of 0.5-inch white pine secured by 2- 
inch wire nails. Span, 108 inches. (See Fig. 17.) Check- 
piece, 4.5 inches deep and 2.375 inches wide. Built beam, 
weight, 28 pounds ; failed at 1130 pounds. Check-beam, 
weight, 18 pounds; failed at 1420 pounds. Efficiency of built 
beam, 80 per cent. 

FiG.ir. 



No. 0. Exactly the same as No. 8, except that 1.5-inch wire 
nails were used. Built beam weighed 26 pounds; failed at 
1440 pounds. Check-beam weighed 17 pounds; failed at 
1480 poxinds. Efficiency of built beam, 97.0 per cent. 


Simmnry of Tests of Clark’s Beam. 



Ratio Span to 

Break inf? Load. 

Kllh'iency. 

Number. 

Depth ol Beam. 

Founds. 

Cent. 

1 

12 

7500 

70.7 

2 

32 

5200 

67.3 

S 

32 

7800 

72.2 

4 

32 

0180 

77.6 

5 

32 

0080 

72.8 

6 

12 

8400 

67.9 



Average 

71.4 

7 

24 

1680 

66.0 

8 

24 

iiao 

80.0 

9 

24 

1440 

07.0 

! 


Average 

~ 80.7 


Average of 

1 all nine...... 

74.6 
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Conclusions in Itegard to Clarkes Beam .- — The tests show con- 
clusively that Clark erred in assuming that the 95 per cent, 
efficiency obtained from his models is applicable to practical 
cases. In view of the results of the tests, the writer would not 
feel safe in assuming the efficiency as more than 65 per cent, 
for working purposes. The curves in Diagram 4 show that 
this beam deflects almost double the amount ot a solid beam — 
a defect which the writer has observed in every case where ho 
has seen this beam used in actual practice. 

The horizontal unit shearing-stress in the neutral }>lane of a 
beam is 1.5 times the moan shearing-stress in a vortical cross- 
section, and is the same at all points if the l)cam curries a 
center-load. Since this load varies inversely with the span, it 
is clear that the unit horizontal shear will bo halved, if the 
length of the beam is doubled. Clai'k’s model was ^ im‘hcM 
deep, and should have been 30 inches long, lie, however, put 


Fig. 13. 



it 120 inches long, which makes the ratio of rtpan to lU'plli of 
beam equal to 40, a proportion no one would dream oi' nuing in 
practice. It is clear that in quadrupling the length lie ent 
down the unit shear in the joint to one-quarter of it.s former 
value. Hence his value for tlio etticiency in wortlde.sH for prae- 
tical cases. The ratio of span to depth in tlie lieams heri' tewtt‘d 
is 12 and 24. The average results for the former are 74.f>, and 
the latter increase to 80.7, for the reason just .slunvn. 

Turthorraore, Clark errs in saying “The strength of a girder 
built up in this way will not be aifeoted by shrinkage, for its 
resistance is maintained by the board-struts, which net only in 
the direction of their length.” As a matter of fact, the struts 
act in a wholly different manner. Fig. 14 is traced ifom Clark’s 
figure and shows his method of nailing the stmts. Kelerriiig 
to strip A, Fig. 18, it is clear thatif the sticks slide in direction 
of the arrows, the leverage ou the nails will bo bo groat that 
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Diagram S. 



Beams with 18 Pipes driven through Component Sticks. 

Each horlzoEtftl spacc-3^ Inch deflection. 


VOX., xxvn,— 50 
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they will at once draw out, or the piece A will be split. The 
liability of this will he lessened by nailing as at B, while the 
best plan is of course to nail at both ends and center ot struts, 
as in Fig. 17. The latter method was used in all the beams 
tested, yet in every case, long before the beam broke, the struts 
split open or the nails were drawn partly out, or bent over in 
the wood, thereby permitting the component beams to slide on 
each other. It was found that no amount of nailing could pre- 
vent this, and that the beams tended to foil by shearing along a 
line of nail-holes, when too many nails were used. 

The writer does not consider this a cheap beam to build ; it 
occupies more space than other forms, owing to the side-struts ; 
its deflection is great; hence it would seem that the beam is 
not to he recommended. 

VI. Beams Secured with Pipes and Bolts. 

The readiest method of building up a beam is to bolt the 
component parts together. It is impossible, Iiowever, to make 
an efficient beam with bolts of practicable size, as tlnw boml 
easily and allow the parts to slide. Bolts large miough to re- 
sist bending and oiler sufficient bearing-surface tor the wood 
are entirely too costly, and arc not readily pnanirable. It or- 
curredto the writer that the same idea could he clu^aply (nirriiul 
out by driving pieces of steam-pipe through holes hovnl into 
the beam, and passing through the pipes sutruneut bolls to hold 
the pieces together. Common Idack threiM|uarti‘r int*h stc‘am- 
pipe was used in all the experiments; the ]>ieees Wi*re <mt 0.5- 
ineh shorter than the depth of the beam ; oiu^ end was slightly 
rounded on an emery-wheel, and then the pieei‘s wrrr driviui 
by sledge into anger-holes one- and one-sixteeuth-iiudi in diam- 
eter, bored into the beam. 

Beams Nos. 10 to 13 had 18 pipes driven through tluun. In 
this and all other forms yet to be dcBcribed, care was taken to 
avoid cutting into the center of the beam, and nu attiuupt was 
made to cause the fractures to take place outHidc of the Imles 
or slots used for l)olt8, pipes, keys, etc. 

It was found that when 18 pipes were used, tlu^ fracture in- 
variably took place through the pipe-holes. Beams Nos. 14 to 
17 inclusive were, therefore, provided with only Vi pipes; ami 
in no case did the line of fracture pass through two consecutive 
holes as before. 
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DIAGRAM 6. 



Beams with 12 Pipes driven throuqh Component Sticks. 
EaoKhorlKontal space *.^2 toch (leflcctlon. 
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Diagrams 5 and 6 show deflection. 

JTo. 10. Two pieces of white pine, each 2.75 inches deep and 
4,75 inches hroad, secured by 18 pipes a)id 8 bolts 0.5-inch in 
diameter. (See Fig. 19.) Span, 66 inches. Weight of beam, 
39 pounds. Broke at 6850 pounds. Check-pieces : A Avcighed 
12 pounds, broke at 2540 pounds; D Avcighed 13 pounds, 
broke at 2060 pounds. Efficiency of beam, 74.5 per cent. 

IsTo. 11. Everything exactly as in No. 10, except that weight 
of beam was 41 pounds. Broke at 7600 pounds. Cbeck- 
pieces: A weighed 14 pounds, broke at 2100 pounds; T> 
weighed 13 pounds, broke at 2540 pounds. Efficiency ot 
beam, 81,9 per cent. 

No. 12. Everything exactly as in No. 10, cxce])t that weight 
of beam was 44 pounds. Broke at 3340 poninls. Oheck- 

riG. 19. 


Pjped Beam. 

pieces: A weighed 16 pounds, hnjke nt 18(50 poundK; 1) 
weighed 14 pounds, broke at 24(50 pounds. 

Built beam failed hi defect in piece of timber on tension-side, 
located between two pipes; hence this test is of no value except 
to indicate deflection. The defect was known before the. bmim 
was built; and of course no such beam would have been allowc<l 
in any practical construction. 

ITo. 13. Everything as in UsTo. 10, except that weight of beam 
was 42 pounds. Broke at 8000 pounds. (5heek-]ueei‘s : A 
weighed 13 pounds, broke at 2020 pounds; 1) weighed 14 
pounds, broke at 2520 pounds. Eflicieuey of beam, 88.1 per 
cent. 

No. 14. Two pieces of white pine, each 2.76 inches deep and 
4.75 inches wide, secured by 12 pipes and 6 holts 0.5-iuch in 
diameter. Span, (56 inches. (See Fig. 20.) Weight of beam, 
38 pounds. Broke at 8320 pounds. Check-pieces : B weighed 
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14 pounds, broke at 2530 pounds; 0 weighed 14 pounds, broke 
at 2170 pounds. Efficiency of beam, 88.4 per cent. 

No. 15. Two pieces of white oak, each 2.125 inches deep and 


Fig. 20. 



Piped Beam. AM BK NOTE CD ,N Y 

5.5 inches wide, secured by 12 inpes and 6 bolts 0.5-inch in di- 
ameter. Span, 66 inches. (See Fig. 20.) "Weight of beam, 
55 pounds. Broke at 5450 pounds. Check-pieces : A Aveighed 


FIG. ai. 



21 pounds, broke at 1830 pounds ; 1") weighed 21 pounds, broke 
at 1800 iiounds. Efficiency of beam, 86.9 per cent. 

No. 16. Throe pieces of white pine; center piece 2.75 inches 


Fig. 22. 
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Showing method of duttinq out Check Pieces for Beams Nos. 16 and 17 . 


deep and 4.75 inches wide; top and bottom pieces 1.875 inches 
deep and 4.75 inches wide; all secured by 12 pipes and 8 bolts 
0.5-inch in diameter. Hpan, 60 inches. (Ree Fig. 21.) W<‘ight 
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of beam, 44 pounds. Broke at 7840 pounds. Big. 22 shows 
method of cutting out top and bottom pieces, together with 
small check-pieces, for beams hTos. 16 and 17. Ohcck-picccs : 
B weighed 17 pounds, broke at 2100 pounds; E weighed 8 
pounds, broke at 600 pounds. 

It should be noted that in this beam and Ho. 17 the central 
piece failed first. It is difficult to say udiat is tlie proper 
method of computing the efficiency. As the central piece 
failed first, it seems that the strength of B, the cheek-piece for 
A, should be used as a basis. 

This will give ; 


Efficiency of beam = 


100 X (7340 + 22) 
(4'x2100)-t-(2xl7) 


= 87.3 per cent. 


We might, however, be justified in using as basis the values 
derived from both check-picces, B and E. Doing this, 

E broke at COO pounds, and weighed 8 pmnuls; hence a pie<'o 
twice as thick would carry 4 x 604 = 2416 pounds. 

B weighed 17 pounds, and broke at 2100 pounds, llenec', 
100 X (7340 + 22) 

efficiency of beam = - ^ ^ (2416 -I- 2100) ~ I*''''’ 

Either method is sufficiently accurate, since the average of 
values given for Hos.lG and 17 by each method is about the same. 

Ho. 17. Everything exactly as in No. 16, e.v<‘ept that beam 
w’-eighed 42 pounds. Broke at 7060 pounds. Oheek-pieees ; B 
weighed 8 pounds, failed at 520 pounds ; 1) weighed 14 pounds, 
failed at 2400 pounds. Efficiency: com]mting the etiieieucy 


... 100 X (70<i0 + 21) 

vuth check-piece D as basis gives ^ ^ -f- X 14 ' 


82.0 


per cent. 

If figured on B and D jointly, a,s in the preceding oiist', tin; 
result is an efficiency of 88.6 per cent. 

No. 18. Four pieces of white pine, each piece 1.-375 inches 
thick and 4.75 inches wide, superimposed and secured by 12 
japes and 8 bolts 0.5-incli in diameter. Hjiau, 6(! inelu's. (See 
Figs. 21 and 23.) Weight of beam, 40 jtounds. Broke at 
6000 poniids. All the pieces wore laid out as iu Fig. 22, and 
those in center wore used as cheek-jaeces. (!heck-{>ie(H‘S : Bj, 
weighed 7 pounds, broke at 600 jKnmds; EaWtaghed 7 j»oun<ls, 
broke at 750 pounds. Efficiency of beam, 55.5 per cent. 
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No. 19. Beam composed of one piece of white pine 0.875- 
inch thick on top, another piece of white pine 2.75 inches 
thick in center, and a piece of oak 1.875 inches thick on bottom, 
or tension-side. All pieces 4.75 inches wide. Secured by 12 
pipes and 8 bolts, as in Fig. 24. Span, 66 inches. Weight of 
beam, 50 pounds. Broke at 9140 pounds. Check-piece: D 
weighed 16 pounds, failed at 2350 pounds. Efficiency (referred 
to D), 97.2 per cent. 


Fig. 23. 
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Piped'beam. 


The results of the first four show that too many pipes were 
used. Even with this defect the etlieieucy exceeds that of 
(Hiirk’s l)eiim of the same size hy 10 per cent. But the deflec- 
tion is about the same — double that of a solid beam. It was 
noted durinf>; the tests that the pine would split opposite the 
pipes and tend to open, thereby permitting sutheient slippage 
to cause the largo defiection. 

The fact that in a solid beam the shearing-stress decreases 


FIG. 24. 
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(though not in direct proportion) with the distance from the 
neutral plane suggested the form of beam used in Nos. 1() and 
17, the. idea being to supply solid timber in the neutral axis, 
and itiake the joints where the sheariiig-stresses would he 
smaller. The resultant efficiencies do not show any advan- 
tage gaiiKHl hy this method. Tt was apparent, in all the tests 
made on heattis consisting of more than two ])ie(‘es, that the 
slight yielding of the wood around the lastonings allowed snffi- 
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Summary and Concliusions Regarding Piped Beams, 


Number of Beam. 

Number 
of Pieces 
Used 

Number 
oi Pipes 
Used. 

Ratio 
Span to 
lleptli 

Brealiing 

Load, 

1 Guilds 

Enieicnoy 
l*er Cent. 

10 

2 

IS 

32 

6P50 

74.5 

11 

2 

18 

12 

7600 

81.9 

]2 

2 

18 

12 

3840 

Flaw. 

18 

2 

18 

12 

iOUO 

88.1 





Average... 

81.5 

14 

2' 

12 

12 

8320 

88.4 

15 

2 

12 

15.5 

6450 

80.9 


I 



Average.,. 

87.7 

16 

3 

12 , 

12 

7310 

87.3 

17 

3 

12 

12 

7960 

82.9 





Average... 

85.1 

16 

\ Efficie 

ncies by 

alter- f 

7S4() 

81.3 

17 

j na 

te moth 

od. t 

TOtiO 

88.6 





Average... 

85.0 

18 

4 

12 

12 

fioon 

55.5 

19 

3 

12 

12 

>.il40 

97.2 


eient slipping of the pieces to change the conditions found in 
a solid hcam. The component parts acted more or less imki- 
pendently, each piece in some of the tests sliowing a very dis- 
tinct neutral axis of its own. The writer’s coindusion is that 
with this method of construction three pieces may he as good 
as two, but no better. The deflection is about the sanu' in 
each ease. 

The writer cannot advocate the use of pipe<l beams. A 
careless workman would almost invariably boro the holes too 
largo, to save exerting himself when driving tlu' iiip<‘s, ami 
this defect would be 1‘atal to stittiiess and strength. 

No. 18 allows clearly the etfect of the slipping in the center 
added to that in the other two joints. This lH*am has little 
strength or sti-tthess and should be avoided. 

, The old builders strongly advocated putting oak on the ten- 
sion-side of a built beam. This was done in No. lib The 
efficiency, referred to pine alone, is <}uitc high, Imt not high 
enough, in the writer’s opinion, to compensato for the extra 
cost of using the oak. The stiffness is very little greater than 
all-pine. Part II. shows that little is gained by the use of oak. 
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’^ould seem that a better plan would be to use slightly larger 
3 beams. 

VII. Beams with Haed-Wood Keys oe Jogoles. 

'his form of beam has long been used. Tredgold states 
; the joint depth of all the keys should amount to one and 
-third times the total depth of the beam, and the breadth of 
1 key should be twice its depth. All other writers since the 

0 of Tredgold have contented themselves with copying this 

It is also recommended by some that the grain of the 
s should run vertically. Others state that the depth of the 
s must be deducted from the total depth of the two timbers, 
U’dor to obtain the eftective depth to be used in calculating 
strength. How much reliance is to be placed on these 
cm cuts will appear from the tests. 

[eys in the beams under test were made of thoroughly sea- 
ad oak, the grain running lengthwise instead of vertically, 
uggested above. Each key was in two parts, cut taper, and 
])arts were driven firmly home with a heavy mallet. 

1 deie(*f urged against this beam is the liability of keys to 
leu through shrinkage. The writer considers this defect 
itly itnaginary, if the keys themselves are thoroughly seiv 
lhI. The material in the beam will in that case rather tend 
^rip the keys tighter in case it shrinks. 

'he writer believes that the greatest evil resulting from 
nkage is the loosening of the bolts. ITnlcsvS the bolts are 
wn up tight, keys will tend to turn around in the slots, and 
(‘omponent pieces of the beam will ride ux> on the keys, 
reby ptnnnitling slippage along the Joint between the sticks, 
;i a (u)nse<juent loss of efficiency and increase of defiection. 
s (Udect exists in all forms of built beams, and therefore 
*a (‘are sliould be taken to jam the bolts up tight, and keep 
[U HO by jjcriodieal inspection, until the timber is fully 
u)ned, 

pedal (*are nnist be taken to prevent the keys from getting 
befor(», th(‘y are driven in place, since it is evident that 
h wetting will cause the key to swell and act like green 
>d. Large waishers on all bolts are irtiperative. 

)iagram 7 shows defieetions. 

h>. 20. Two pieces of white i)ine, 2,75 inches deep and 4.75 
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inches wide, secured by eight 0.5-iiich bolts and eight oak 
keys 1 by 2 inches. Span, 66 inches. (See Fig. 25.) Weight 
of beam, 40 pounds. Broke at 10,600 pounds. Cheek-pieces: 
B weighed 17 pounds, broke at 2730 pounds; C weighed 17 
pounds, broke at 3100 pounds. EiSciency of beam, 90.8 per 
cent, 

No. 21. Everything exactly as in No. 20, except that beam 
weighed 39 pounds. Broke at 6800 pounds. Check-pieces : 
A weighed 15 pounds, broke at 1920 pounds; D weighed 16 
pounds, broke at 2190 pounds. Efficiency of beam, 82.6 per 
cent. 

No. 22. Everything exactly as in No. 20, except that beam 
weighed 37 pounds. Broke at 8400 pounds. Check-pieces: 
A weighed 14 pounds, broke at 2100 pounds; D weighed 16 

Fig. 2S. 
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Joggled Beam with Oak Keys. 


pounds, broke at 2330 pounds. Efficiency of beam, 94.7 per 
cent. 

No. 23. Everything exactly as in No. 20, except that beam 
weighed 36 pounds. Broke at 5260 pounds. Check-pieces: 
A weighed 10 pounds, broke at 2270 pounds; I) weighed 14 
pounds, broke at 2150 pounds. 

This beam failed in a previously known flaw on the tonsion- 
si<le before there was any ap])recial)lo stress brought to hear on 
the keys. The frietiou of the pieces caused by the pressure 
due io holts took up most of the stress. The failure of the 
beaiti is due to the flaw alone, hence the broakiug-strength 
in this <‘ase affords no basiH for computing efficiency of the 
joint The tost is reported merely for sake of the dofleetioii- 
curves. 

No, 24. Everything exactly m in No. 20, except that beam 
weighed 30 pounds. Broke at 8660 pounds. Oheck-piccos : 
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B weighed 16 pounds, broke at 1780 pounds; C weighed 18 
pounds, broke at 2200 pounds. Efficiency of beam, 108.5 per 
cent. 

This high efficiency is probably due to the fact that chock- 
piece B was the weakest of the four pieces cut out of the same 
plank ; still, there was no apparent ditferonco betwoeir A and 
B. This ease shows the impossibility of getting niiitenul per- 
fectly homogeneous throughout. 



I7o. 25. Everything exactly the same as No. 20, exco))!. that 
keys were 8x2 inches and the two sticks were held Hfteen-six- 
teeiiths of an inch apart in center by Nor\v{iy-i)inc strips. (See 
Eig. 26.) Weight of beam, 40 pounds. Broke at SiUO i>ouuds. 


Fig. 27. 
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Joc»Qi.EO Beam in three pieces. *“ ‘-t '«'• 


Check-piece weighed 14 pounds, broke at 2400 poutnls. 
Only one was used, the other having had a flaw, <hu> to use of 
cant-hook. Efficiency of built l)cain (on basis of solid hoain 5.5 
inches deep), 02.8 per cent. Biagram 8 shows deflcctiojis for 
beams Nos. 26 and 26. 

No. 20. Exaetty like No. 25, except that beam weiglu’d 88 
pounds. Broke at 7170 pounds. Check-pieei's : A weighed 
12 pounds, broke at 2220 pounds; B weighed 12 (louiids, 



THE EEFICIENCY OF BUILT-UP WOODEN BEAMS. 771 

DIAGRAM a. 



Beams with Oak Drivinq Keys, component sticks deinq blooked^Iinch apart. 

Kach borlscoxital si>ac*0'Nj^a Inch dofioctlon. 
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broke at 2120 pounds. Efficiency of built beam (on basis ot 
solid beam 5.5 inches deep), 82.6 per cent. 

jtsTo. 27. Three pieces of white pine, each 2.375 iiudies deep 
and 4.5 inches wide, superimposed and secured l>y 0.5-ineh 
bolts and oak keys, as in Fig. 27. Clear span, 108 inches. 
Weight of beam, 60 pounds. Broke at 5400 pounds. Check- 
pieces : B weighed 18 pounds, broke at 870 pounds; D weighed 
18 pounds, broke at 900 pounds. Average, corrected for 

weight, 894 pounds. Efficiency = = 67.5 

9 X Ot'"t 

per cent. 

Fig. 28 shows how the component pieces were cut iVoni 
original plank, B and D being used as check-pieces. Diagram 
10 shows deflections. 

Fig. 28. 
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Summarii and Conclusions Regarding Beams with Oak Kegs. 


Number. 

Ratio Span 
to Depth of 
Beam. 

Breaking 

Load. 

Pounda. 

1 

Efthdency. 
PcrtVnt. ; 

20 

12 

10,(100 

90.8 

21 

12 

1>,8(H) 

«2.(i 

22 

12 

8,400 

9-L7 , 

23 

12 

5,2(50 

Flaw, i 

24 

12 

8,(560 

108.5 



Average... 

94. 1 ; 

25 

12 

8,910 

; 92.8 } ; 

26 

12 

7,170 

1 82.6 > 1 



Average...! 87.7 i 

27 

15.2 i 

j 

5,400 

67.5 


RinnarkH, 


2 

i) u 


li ** 
2 


2 puH‘eH. 
Blocked 
apart. 


a pieecH. ! 


These results clearly demonstrate that this (lesigu is snjH'rior 
to those already seen. The curves in Diagram 7 show that this 
beam deflects only about 20 to 25 per cent, more than a solid 
beam. 

With regard to the statement that the depth of one key 
shall be deducted from the total depth of the beam to find the 
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Diagram 10. 



Beam buiut of Three Superimposed Sticks, with Oak Driving Keys. 

Each liortssotttal spaco-t^a lach dcfloctlOE, 
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efiiciencj^, it is to be observed that in this case the resultant 
depth ■would be 4.5 inches, and the efficiency “ 0.669, 

a value wholly at variance with the results of the tests. 

It is commonly thought that blocking apart the component 
pieces will increase the strength of the beam, since it increases 
the apparent depth. Tests on Nos. 25 and 2b show that this 
p)rocedure does not increase the efficiency. The reason ot this 
is that the increased height of the keys augments the tendency 
of the keys to roll or overturn in their slots, and this turning 
cannot he prevented by any amount ot bolting ot pieces. 
Further, any beneficial effect due to the friction between super- 
imposed pieces is lost by blocking these pieces apart. Under 
moderate loads the stiffness is greater than that shown l)y the 
beams not blocked apart. 

No. 27 confirms the view that in spite of any keys or other 
fastenings the pieces act more or less independently of each 
other. The effect of this will, of course, be more apparent as 
the number of pieces is increased, as is shown in this case by 
the low efficiency of 67.5 per cent., and by No. 18, whicli con- 
sisted of four pieces, and gave an efficiency of only 55.5 pc^r 
cent. 

The writer does not believe that there is any solid ibniulutiou 
for the idea that the grain of the keys should be vertical. This 
would greatly increase the cost of making tlio keys, and prob- 
ably result in causing many of them to split while driving. 
There is no difficulty whatever in so proportioning the keys 
that shearing across is in)ipoB.sib]e. The main deftad. witli 
wooden keys comes from an entirely different- Hourc‘e, Tti all 
of the tests it wm noticed that resistance of the oak to side- 
pressure was much less than the resistance of pim^ to emd- 
pressure; hence, as the load on the beam increased, the pine 
indented the oak. 

VIII. Beams with Oast-Ieon Keys. 

Since there is no wood available for keys, the resistance of 
which to side-pressure is cqtial to the resistance of white pine 
to end-pressure, it is clear that, without using an excessive 
number of keys, indentation cannot be prevented, and the com- 
ponent parts of the beam must slip. This trouble will be ag- 
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gravateci in proportion as a harder wood is used for the beams. 
The only remedy is to use iron keys. Such keys were used a 
century ago in building up the overhead beam of steam-engines, 
but were abandoned in favor of wood, because they seemed to 
Avork loose under the reversals of stress in the beam."^ Though 
their use in railway-stringers is quite common, the writer has 
never seen them used in beams for buildings. It is evident 
that the objection noted above would not exist in this case, as 
the stresses would not be reversed. 

Accordingly, two beams were built with ordinary wedge- 
shaped cast-iron keys and tested. Diagram 9 sIioavs deflec- 
tions. 

No. 28. Two pieces of white pine, 2.75 inches deep and 4.75 
inches wide, secured by eight bolts, 0.5-inch in diameter, and 



sixteen cast-iron keys, 0.5 by 1 inch. Span, (K> inches. (Sec 
Fig. 29.) Weight of beam, 48 pounds. Broke at 10,190 
pounds. Check-i)ieces: A weighed 14 pounds, broke at 2930 
pounds; D weiglied 14 pounds, broke at 2800 pounds. Ef- 
licicncy of l)cam, 88.1) per cent. 

No. 29 A. Exactly same as No. 28, except that beam weighed 
50 pounds. Ih'oke at 11,190 pounds. Check-pieces: B weighed 
14 pounds, broke at 3050 pounds; C weighed 1(> pounds, 
broke at 2700 pounds. Efli(deucy of beam, 97.3 per cent. 

No. 29B. Two pieces of white oak, 2.75 inches thick and 
4.5 inches wide, all other details precisely as in Fig. 29. 
Beam weighe<l 62 iK)unds, broke at 16,050 pounds. Check- 
pieees: A weighed 22 pounds, broke at 4300 pounds; D 
Aveighed 22 pounds, broke at 4650 pounds. Efficiency of 
beam, 89,6 per cent. Deflection not taken. 

^ Mrmjdopmdia Britannica. Article, “Building.” 

VOL. xxyrx.— 51 
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DfAGRAM 9. 







THE EFFICIENCy OE BUILT-HP -WOODEN BEAMS. 


'777 


Conclusions Regarding Beam with Plain Cast-Iron Kegs. 

The action of this heam -under test sho-wed that care must he 
taken to provide ample-sized washers on the bolts. In all 
cases where keys are used the component parts of the heam 
tend to separate and rotate the keys in their slots, thei’eby per- 
mitting slippage. The remedy for this is the use of ample- 
sized washers, rather than a large number of bolts. 

The average efficiency of Nos. 28, 29A and 29B is 91.9 per 
cent. The average for Nos. 20 to 24 is 94.1 per cent. So far 
as efficiency is concerned, it matters little whether the keys be 
iron or hard wood, 2 '>rovided a sufficient number of wooden kegs are 
used. Since the iron keys cannot be indented by the wood, 
the slipping of the component parts of the beam is reduced ; 
hence the sti-ffiiess ought to be greater than in the preceding 
cases. That this is so is clearly demonstrated by the curves 
for 28 and 29A. Both carves are almost exactly parallel to the 
cliaractcristic based on E as 1,000,000 pounds. It appears, 
tliercfoi'O, that this design gives a compound beam winch is 
fully as stiff as a solid beam, and over 90 per cent, as strong. 
The writer has not beeir able to find any other construction 
whic‘b gives ecpuilly good results. 

The only objection to this design is the cost of the cast-iron 
keys, and the titne one usually will have to wait to have them 
madt^. The writer, therefore, attempted to find a cheap and 
roadily-})roeured substitute for them, by trying pieces of ordi- 
nary flat bar-iron. Those were cut to lengths of 4.75 inches; 
the e<lge8 of one cud were touched on an emery-wheel to remove 
burrs and make a slight ta}>or, and they wore then driven 
firmly home with a light sledge. These pieces can be. made at 
a trifling expense. Size of iron bar was 0.375 by 1 inch ; hence 
the slots in the Ix'am wore made 0.26-inch wide and ().5-inch 
deep, so that, when driven into pbme the keys would have a 
firm btiiiring on the wood. To prevent the keys from tearing 
out a large sliver on the side of the beam opposite that from 
which they were driven, the slot was at that side flared out for 
about a half-inch of its length, the width on the outside being 
half an inch. This beam is cheaper to construct than any other 
form the writer has tested, and less care is reepured in cutting 
out the slots, since in case the latter do not <pnte range, the 
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Diagram ll. 
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keys, acting like nails, owing to their tapered ends, correct the 
error when driven into place. Diagram 11 shows deflections. 

In some other forms, wrought-iroii 0.75-inch square was used 
for keys, as this shape is less liable to rotate than the narrow 
and deep keys. Diagram 12 shows deflections of this form of 
beam. 

IX. Beams with ’Weought-Iron Keys. 

Xo. 30. Two pieces of white pine, each 2.75 inches deep <and 
4,75 inches wide, united by six 0.5-inch bolts and 12 flat 


• Fig. 30. 
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JoGcucD Beam with Straight Wrought-Iron Keys. 


wrought-iron keys. (Bee ITig. 30.) Span, 66 inches. Weight 
()i‘ Ix^ain, 35 pounds. Broke at 7800 pounds. Check-pieces : 
B weighed 12 pounds, failed at 2450 pounds; C weighed 12 
pounds, tailed at 2ti00 pounds. Kfliciency of beam, 77.2 per 
cent. 




FIC. 31. 
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JoaoiED Beam with Straight Wrouoht-Iron Keys. 


INTo. r‘Jl. Kvorytlunj;; exactly as in 'N’o. 30, except tliat beam 
weighed 40 poujidK. .Uroko at 8200 poundH. Chock-pieeeH : 
A weighed 1(5 pounds, broke at 2G20 pounds; 1) weighed 15 
pounds, broke at 3030 pounds. Efficiency of beam, *72.3 per 
cent. 

No. 32. Kverytbing exactly as in No. 80. Beam weighed 
40 pounds. Broke at G350 ponndB. Oheck-picees: B weighed 
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15 pounds, broke at 1800 pounds ; C weighed 15 pounds, broke 
at 2200 pounds. Efficiency of beam, 79.3 per cent. 

No. 33. Similar to No. 30, except that only 8 keys were 
used. (See Fig. 31.) Weight of beam, 37 pounds. Broke at 
10,750 pounds. Check-pieces: B weighed 15 pounds, broke at 
8100 pounds; C weighed 17 pounds, broke at 8480 pounds. 
Efficiency of beam, 81.6 per cent. 

} FIG. 32. 



JoGcuED Beam with Straight Wrought-Iron Keys S^^Square. 


No. 34. Similar to No. 38. Weight of beam, 35 pounds. 
Broke at 7990 pounds. Clicck-pieccs : A weighed 13 pounds, 
broke at 2150 pounds; D weighed 14 pounds, broke at 2970 
pounds. Efficiency, 78.0 i)cr cent. 

No. 35. Similar to No. 83. Weight of beam, 37 pounds. 
Broke at 9270 pounds. Check-pieces: A weighed 14 pounds, 

I Fig. 33. 



bi'oke at 2530 pounds ; I) weighed 14 pounds, broke at 2920 
poumls. KOicioucy of beam, 85,0 per cent. 

No. 36, Two pieces of wliito pine, each 2.375 inches deep 
and 5 iiudies wide, secured by 6 half-inch bolls and 12 
wroughbirou keys cut from bar 0.754nch square. Span, 72 
inches. (Sec Fig. 82.) Weight of beam, 38 pounds. Broke 
at 5)600 pounds. (Uieck-pieccB ; B weighed 13 iiounds, broke 
at 1()00 pounds; C weighed 13 pounds, broke at 1600 pounds. 
EfHcieiuy of beam, 87.5 ikt cent 
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No. S7. Two pieces of white pine, 2.37o inches deep and 4.5 
inches wide, secured by 8 half-inch bolts and 12 wronyhi-iron 
keys cut from bar 0.75-ineh square. Span, 108 inches. (See 
Fig. 33.) Weight of beam, 48 pounds. Broke at 2380 pounds. 
Check-pieces: A weighed 18 pounds, broke at C20 pounds; 
C weighed 18 pounds, broke at 730 pounds. ItfHciency ot 
beam, 87.8 per cent. 

Fig. 34 shows how component sticks and test-pie(‘es were 
cut from the original plank. 

No. 38. Everything as in No. 37, except that beam was 4.25 
inches wide and weighed 46 pounds. Broke at 2760 pounds. 


Fig. 34. 


k- 5 

< 5- 

< V 

'H/mkL 

flliir': 




Check-pieces : B -weighed 18 pounds, broke at 7-0 pounds ; I) 
weighed 16 pounds, broke at 790 pounds. Etiicicucy ot'lieam, 
91.1 per cent. 


Summary and Conclusions Tteyardiny Jicams with ^Y)•ott(Jht-J^nn 

Keys. 


Number, 

Katio Span 
to Dcptli of 

Breaking 

Load. 

KtOeieney. 

KinnarkH. 


Bearn. 

Pouian. 

Ii \ 


30 

12 

7,800 

77.2 

ri koys. 

31 

12 

8,200 

72.3 

12 

32! 

12 

5,150 

79.3 

12 



Avenige... 

75. 3 


: 33 

32 

10,750 

81,5 

8 k<*VH. 

, 34 

1 i 

7,000 

78,0 , 

8 

35 

12 

l),27t^ 

85,0 

8 



Averuge... 

81.5 


36 

15.2 

5,600 

87.5 

12 kern. 

37 

22.7 

2,380 

87,8 

12 

38 

217 

2,760 

OKI 

i 12 

1 

1 

Average... 

88. H 

! 


The reason why the first three boaius were weaker tlian 
second three is that in the former the keys were 1.70 iiudu's 
nearer the center of the beam than in the latter. 

Owing to the narrow width of the keys the tencleney to turn 
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over and allow the component parts of the beam to slide was 
very evident. In spite of this, the curves show that the aver- 
age dcfloetiou of these beams did not exceed that of a solid 


Diagram 13. 



Baclb lioi'Uontol ftpaco -*>^3 Incb dofloctlon. 

piooc by 50 per cent., a better remilt than that obtained by 
(ylark’n coiirtlruction, or 1;)y using pipes. 

It WU8 tbougbt that by using scpiare keys the deflection 
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might be lessened. IsTo. 36 shows, however, about the same 
rate of deflection as those built with the flat keys. I^os. 37 
and 38 show a deflection of about 25 per cent in excess of a 
solid piece, if we disregard the initial part of the curves (Dia- 
gram 12), which is affected by the fact that the l)eains were 
somewhat in wind when put into the testing-machine. 

It is evident that these beams deflect moro than those with 


Fig. 35. 
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Joggled Beam with T-shaped Cast-Iron Keys. 

east-iron keys, simply because the flat keys cannot be driven 
up to a firm bearing agamst the end-wood in the slots. The 
writer docs not advise this style of construction for pin'inancnt 
work, but for temporary structures it is the clu‘apest and 
quickest to build, and will answer the purposi* bett<‘r than 
many complicated forms which have been exteusividy usiMl 



Fig. 38. 



X Beams ■with Metal Iveys oe Yaiuoiis Shai’es. 

After tlio precocliiig tests were completed, a Hummiiry of the 
results was publislied. This led to a good d(*al of c.orrespoiid- 
ence with parties who had used forms of key not iiudiuleil in the 
tests. The writer, therefore, pursued the investigation further, 
with rosuhs that will now be given. 

Diagram 13 shows deflection of beams Foa. 41 to 50, iuclu- 
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sive. The writer believes that Nos. 39 to 47 could be made 
much stifFer by the simple expedient of providing the keys with 
a taper of about one-eighth of an inch, then driving them firmly 
into place after the component sticks had been tightly bolted 
up. In such cases the larger end of the keys should be jpro- 
vidcd with an ear or lug, arranged so that an ordinary wood- 
screw can pass through a hole or slot in the lug, screw into 
the beam, and thereby prevent the key from shaking out of its 
slot under heavy vibrations, etc. 

Beams with T-shaped Keys of Cast-Iron, 

No. 39. Two pieces of white pine, 2.75 inches thick and 4.5 
inches wide, secured as in Fig. 35. Iveys of cast-iron as in 
Fig. 36. Span, 90 inches. Weight of beam, 44 pounds. Broke 


Fig. 07. 
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Beams with Keys Out from Carnegie T-Scctions, No. 21 and 95. 

ut 5700 poniuls. Chcck-piceos : B wciglied 17 pounds, broke 
at 21500 pounds : 0 weiglicd 17 pounds, broke at 2300 pounds. 
EtReiency of beam, (il.l per cent. 

No. 40. Hame asNo. 3!). Weiglitof beam, 40 pounds. Broke 
at 7400 i)oun(lH. Clhec.k-pioccs same as preceding two. Et- 
iiciency of beam, 79.8. Average for the two beams, 70.2 per 
(sent. .Detioclion of these two beams was not noted. 

Beams vnth T-shajicd Keys of Steel. 

No. 41. Two pieces of white inne, 3.75 inches thick and 4.5 
inches wide, secured by bolts and keys made by sawing oft 
pieces of (larnegie T-section, No. 21. * These keys were ground 
free of burrs on one end, the slots carefully cut to size for a 


* Bee Pocket Cmipaniim, Carnogio, Phipps & Co. Edition of 1802. 
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driving iit, and keys were then driven home after the beam was 
■boltecT up. (See Fig. 37.) Dimensions of key are shown in 
Fig. 38. Span of beam, 90 inches. Weight, of heain, 58 
pounds. Broke at 7900 pounds. Chec‘k-pieeos : A weiglied 
23 pounds, broke at 3680 pounds; D weighed 22 pounds, l)rokc 
at 3700 pounds. Efficiency of beam, 63.6 per cent. 



No. 42. Exactly like No. 41. Beam weighed 60 jiounds, 
broke at 11,100 pounds. Cheek-pieces : B weighed 26 pounds, 
broke at 4080 pounds ; C weighed 22 pounds, I)roke at 3800 
pounds. Efficiency of beam, 70.4 per cent. 

No. 43. Exactly like No. 41, exi-ept k<>ys were cut from 


Fig. 39. 



Key Cut irom Carnegie Steel Section T-9A 

Carnegie T-seetion, No. 05.* (Rot‘. Fig. 39.) Beam w<‘ig!ied 
66 pounds, broke at 7800 'i)Oun<lB. Check-pii-ees : B weighed 
23 pounds, broke at 3680 poninls; 0 weiglunl 22 pounds, broke 
at 3700 pounds. Effic.iency of beam, 61.1 per cent. 

No. 44. Exactly like No. 43. Beam weighed fit! poJindH, 
broke at 10,200 pounds. Cheek-piecu's : A weighed 22 pounds, 

* Sec IPoeht Chitpnnion. Cnrnegie, Plfipps & <'o. Jtklition of IHilg 
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broke ut 32eS0 pounds; D 'weighed 20 pounds, broke at 3670 
pounds. Efficiency of beam, 73.2 per cent. 

The mean of the efficiencies of the four is 62.1 per cent. 
Nothing furtlier need be said, except that this low result is evi- 
dently due to the fact that mere titting of keys alone will not 


Fig. 40. 
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Dimensions of fulu-sized Key used on R. F. and P. Ry. for Stringers 

CONSISTING OF TWO PIECES 9"x 1 5"aUPERIMP08ED. 


answer. There must be some moans provided for wedging 
them up. 

Beam wHh Keys of CrosS'Sluvped Section. 

The form of cast-iron key used for packing the ■wooden 
chords of Howe truss biudges has been used on the Richmond, 
Ereilericksburg and rotomac Railway for keying-up built beams 
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Ca8T-1ron Keys of cross-shaped section, as used on the 
Richmond, Frederioksdurq and Potomac Railway. 


HHod IIH liridpfo-striiiu^erH. Pig. 40 shows dimensions of the full- 
sized keys used for a stringer composed of two snperimposed 
stieks, eueh 9 inches wide and 15 inches deep; 9 of these being 
used in a stringer 24 foot long. The writer is indebted to 
President K. T. D. Myers for drawings and information relative 
to the practice used on this road, 
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No. 45. Fig. 41 shows beam, and Fig. 42 the key used. 
Beam weighed 60 pounds, broke at 11,940 pounds. C/heck- 
pieees : B weighed 22 pounds, broke at 3370 pounds ; 0 weighed 
20 pounds, broke at 3400 pounds. Efficiency ot beam, 88.1 


Fig. 42. 



per cent. This result is better than that shown l>y any other 
form of key not provided with wedges, and is doubtless due to 
the amj)le breadth of key which resists the tendency to roll 
over. The curve shows, however, that the stiffness is inferi()r 
to those beams in which wedges were employed. 


Fig. 43. 



FOR STRINGERS CONSI8TINO OF TWO PIECES 12*' SUPlRIMPUfiiO. 

The fin “a** prevents key from shaking out of its 61.0T. 

The Boston and 3Iame Kei/. 

Tlio form of key used in the next two beuniH in I'XioiiHivoly 
used on the Boston tind Maine Railway for Imihliuj? <*omjK)nnd 
stringers. The writer is indebted to J. P. Snow, (’.K., of that 
road, for drawings and other inforniathni.* Fig. 413 shows 

* Cf. “ Wooden Bridge Construction on the Boston and Maiuo Ititilwny,” J, 
Parker Snow, C. E. Jounud of the AemouUion of Jinffinemnrj iiooietiee tor J lily, tH96. 
Detailed information as to method of designing these stringers is given. 
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actual dimensions of keys, of wMch 8 ai-e used on a 23-foot 
span of compound beam composed of two 10- by 12-inch timbers. 

No. 46. All dimensions as in Fig. 44, and key like Fig. 45. 
Beam weighed 54 pounds, broke at 10,630 pounds. Check- 
beams: A weighed 21 pounds, broke at 4000 pounds; D 



weighed 21 pounds, broke at 3910 pounds. Efficiency of beam, 
67-2 per cent. 

No 47. R.Kactly the same as No. 46. "Weighed 54 pounds, 
and broke at 11,130 pounds. Check-pieces, same two as for 
No. 46. Efficiency of beam, 70.3 per cent. Mean efficiency 


FIG. 4S. 



from the two testa, 68.8 per cent. This efficiency could evi- 
dently be iiicroasod by makitig the horizontal stem of the key 
wider. 

The, Boston and Maine Key \oith Wedges. 

It was thought advisable to determine what gain in strength 
and stiffiicss could bo got by providing some of the preceding 
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keys with driving-wedges. It will be noticed that by this ex- 
pedient, both the strength and stiffness were anginentod suffi- 
ciently to compensate for the additional trouble of putting in the 
wedges. 

Ho 48. Exactly the same as Ho. 46, except that keys wore ot 



Model of Boston and Maine Key fitted with wedges. 


pattern in Fig. 46. Beam weighed 03 pounds, broke at 10,!U10 
pounds. Check-pieces: A weighed ;21 pounds, broke at, 34.')0 
pounds," T) weighed 21 pounds, broke at 3380 pounds. Eth- 
eiency of beam, 79.7 per cent. 



Cast-Iron Key with Widoe, 


T~sh(ipcd Keys with Wedyes, 

Ho. 49. Exactly the same as Ho. 41, except that keys were 
like Fig. 47. Beam weighed 58 pounds, broke at 9000 pounds. 
Check pieces : A weighed 21 pounds, broke at 8600 pounds ; 
D weighed 20 pounds, broke at 3550 pounds. Eflieieucy of 
beam, 67.2 per cent. 
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No. 50. Exactly the same as No. 49. Beam weighed 68 
pounds, broke at 9900 pounds. Cheek-pieces : A weighed 21 
pounds, broke at 3000 pounds ; T> weighed 19 pounds, broke at 
3300 pounds. Efficiency of beam, 78.5 per cent. Mean effi- 
ciency of the two beams, 72.8 per cent. 

One objection often urged against driving keys is the liability 
of splitting out the daps between the key-slots. The writer has 
encountered no such trouble, but on the contrary has been sur- 
piused to find that, even in Nos. 28, 29A, and 29B, the keys 
could be driven up till their edges would be battered up, with- 
out in any single case splitting out a dap. The ability to with- 
stand such hard driving is the cause of the superior stiffness of 
beams with wedges. It will be noticed, on comparing curves 
for beams, Nos. 41 to 50, that in every case the wedged keys 
produce a stiffer beam than can be got by the other construc- 
tions. 

It should further be stated that in the preceding cases none 
of the sticks failed by shearing out the dap, and that every 
break began on the tension-side of the beam. 


Summary of Tests 07i Beams ivith Special Forms of Iron Key, 


Number of Beam. 

Ratio of Span 
to Depth of 
Beam. 

Breaking 

Load. 

Pounds. 

EfTiclenoy. 
Per Cent. 

Remarks. 

39 

16.4 

6,700 

01.1 

No wedges. 

40 

16.4 

7,400 

Average... 

79.3 

70.2 

<< 

a 

41 

12.0 

7,900 

53.6 

(t 

ii 

42 

32.0 

11,100 

70.4 

iC 

it 

4;^ 

44 

12.0 

7,800 

51.1 

ti 

it 

12.0 

10,200 

Average... 

73.2 

it 

it 

46 

12.0 

11,940 

88.1 

(( 

it 

40 

12.0 , 

10,630 

. 67.2 

it 

it 

47 

12,0 . 

11,130 

Average... 

70.3 

68.8" 

a 

it 

48 

12.0 

io,9oo 

' 79.7 

With 

wedges. 

49 

12.0 

9,600 

67.2 

it 

(C 

60 

12.0 

9,900 

Average... 

78.6 

~72. i ~ 

it 

it 


TOL. xxvn,— -52 
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XI. GrENERAL CONCLUSIONS. 

It seems clear from these tests that it is practically impossi- 
ble to construct a built beam which shall l)e as strong as a 
solid beam of equally good material. The writer considers 
that the results of the tests warrant the conclusion that the 
keyed or joggled beam is by far the best form, as it surpasses 
all others in both strength and stiftiiess. Oak, hickory, horn- 
beam or dogwood keys will suffice for beams constructed ot 
white pine, spruce, or other soft woods, but iron keys should 
be used for hard-wood beams. Wedge-shaped driving-keys 
are necessary in order to secure the moat efficient beams, and 
the keys should be of iron if the maximum stitfness is desired. 
In the centre of the span a space equal to about one-(iuarter ot 
the length of the beam should be left free ot keys, bolts, etc. 
It will he noted that whenever less space than this was allowed 
in the tests the efficiency was low, because the tracturo oc- 
curred in the fastenings. In particular cases it may be ne<‘eH- 
sary to use some bolts wuthin the space mentioned to prevent 
the compression side from crippling, but smdi bolts should 1)0 
as few in number and of as small a diameter as can possibly 
be permitted. 

If this precaution is observed, and the beams are otluu-wise. 
properly designed, the writer believes that the following ef- 
ficiencies, etc., may with safety be used in practice, when the 
compound beam is composed of two j>iecos.* These values are 
lower than those first published, but the efficicmcies an' subject 
to such great variations that it scorns dangerous to use values 
much higher than those here advised. 




lU'lltH’tlona, 


IV r oeiiL 

Ter rent. 

Solid beam, 

. im 

KK) 

Clark’s beam, 

, r)5 

2U0 

Piped beam, 

Keyed beams : 

tifi 

175 

Oak keys, 

. 75 

125 

Flat or square wrought-iron keys, , 

70 

150 

Cast-iron keys, as in Ko. 28, . 

80 

100 

Other metal keys tested, . 

. 65 to 75 

100 to 150 


* In fixing the values the factor of safety allowed in tlie stnicture Hliould Iw 
considered. If very low working-stresses are used it might be mde U) increase 
the above eificienoies 5 per cent, but it is seldom that the writer would ventuie 
to do this. 
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The use of other than keyed beams is not advised by the 
writer. 

These values refer, of course, only to beams built of soft 
woods, such as white pine, spruce, eastern fir, etc. But if iron 
keys be used they will apply equally well to beams built up of 
the hard woods. 

PART II. 

XII. Tests on Norway Pine Beams. 

The tests now to be described were made first, and sus- 
gested many of the ideas used in Part I. They do not furnish 
sufiioient data for very accurate determination of efiB.ciencies, 
hut it is thought the results are worth recording, since they 
permit the reader to judge how far any results are applicable 
to beams framed up without regard to how the grain runs in the 
various pieces. Diagram 14 shows curves of all beams whose 
deflection was measured. 

All the pieces were 4.75 inches wide, the depths being either 
0.9875, 1.875, or 3.75 inches. In all cases the length was 78 
inches, and the clear span 72 inches. 

Transverse tests on single sticks, 8.75 inches deep and 4.75 
indies wide, loaded in center, gave the following results : 

A failed at 4230 ; B at 4800 ; C at 5950 ; D at 6000 ; and 
E at 5860 pounds. Average, 5308, say 5370, pounds. 

This will be used as a basis for figuring the efficiency. The 
results will of course be only approximate, but will show the 
general law as to the efficiencies of the various forms. It was 
not considered worth while to take w'cight of pieces into 
account. . 

Clark’s Beam. 

No. 51. Built like Fig. 48. Side-struts of 0.5-inch white 
pine, secured by 1.5-inch wire nails. Broke at 12,800 poumls. 

No. 52. Exactly similar to No. 51. lirokc at 12,500 pounds. 

No. 58. Exactly similar to No. 51, except that struts were se- 
cured by 2-inch wire nails. Broke at 18,840 pounds. 

No. 54. Exactly similar to No. 53. Broke at 13,200 pounds. 

No. 55. This beam had two thicknesses of 0.5-inch white- 
pine struts on each side, the second layer being placed at right 
angles to the first, and the whole secured with 2.5-inch wire 
nails. Broke at 16,670 pounds. 
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, J70. 56. Built like Fig. 48, but the struts were of selected 
Norway pine, 0.5-incli thick, secured by 1.5-iuch wire nails. 
Broke at 11,650 pounds. 

No. 67. Same as No. 66, except that struts -were of 1-ineh 



Norway pine, secured by 2.5-iiich wire nails. Broke at 15,000 
pounds. 

No. 58. Built like Fig. 49. White-pine struts 0.54neli thick, 
secured by 1.5-iiudi wire nails; 8 oak keys 1 by 2 inches, aiul 
12 6-iiicli steel spikes. Broke at 10,090 pounds. 


Norway Pihe and Composite Beams. 
Iioriz€*iitalsj»aee=*„:; ineh deflection. 
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No. 59. Exactly like No. 58. Broke at 13,200 pounds. 

No. GO. Exactly like No. 58. Broke at 14,800 pounds. 

No. Gl. Four pieces 1.875 inches deep, built up as in Fig. 



CuRK’s Beam. 


60. Struts of 0.5-ineh white pine, secured by 2-inch wire 
ludls. Broke at 8140 pounds. 



■No. 02. Four ])iccea 0.9375-inch deep, superimposed like 
Fit?. 60, fonnin^f a bcain 3.75 inches deep. Struts of 0.5-inch 


Fig. 50. 


I 


-Vi WhUo on Bides 





throuA'owt 'wh^i 



Clcur-apaii- 72 ■ 
'CuRK'8 Beam, ouilt or four sticks. 


white pine, secured by 1.5-inch wire nails. Broke at 2700 
pounds. 
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Summary of Clarkes Beams, 


Number of Beam. 

Eatio of Span 
to Depth of 
Beam. 

Brealdng 

Load 

Pounds. 

Efficiency. 
Per Cent. 

51 

9.6 

32,800 

59 7 

52 

9.6 

32,500 

58.3 

53 

9.6 

33,840 

64,5 

54 

9.6 

33,2(K) 

('1.5 

55 

9.6 

1(5,670 

7 7 .r) 

56 

9.6 

ll,(5.')0 

64.1 

57 

9.6 1 

l.%f00 

6d.9 

58 

9.6 

1(5,690 

77.8 

59 

9.6 

13,900 

61.5 

60 

9.6 

14,. '-'00 

69.0 

61 

9.6 

8,140 

3S.0 

62 

19.2 

2,7C0 

60.3 



Average 

61.9 





' - - — 


These figures clearly prove the low efficiency of Clark's 
beam, and likewise indicate that this cffieieucy will be less for 
small than for large ratios of span to depth of beam, since in 
the former case the unit shearing-stresses arc increased. N*os. 


Fig. 51. 




P. gJI ^ -jQ" ^ 







61 and 62 bear out the statement that in j^encral the greater 
the number of pieces used, the leas efficient the. la'ain. 

XIIL Beams Secured by rn»Es. 

Xo. 63. Four pieces of Norway pine, each 1.875 iiichea deep 
and 4.75 inches wide, superimpoaod and aecnred by 12 pipes 
and 12 bolts, as in Fig. 51. Broke at 11,-300 pounds. 

No. 64. Two pieces of Norway pine, each 3.75 inches (U*ep 
and 4.75 inches wide, secured by 18 piiies and 12 bolts, as in 
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Fig. 63 (Plan). Tension-side had one very sappy corner, 
turned toward center of beam. Broke at 10,000 pounds. 



ITo. 05. Three pieces. Central piece 3.75 inches deep, and 
top and bottom pieces each 1.875 inches deep; all 4.75 inches 


riQ. 63 . 



Piped Beams. 


wide and seenrcd by 18 pipes and 12 bolts, as in Fig. 53 (A). 
Broke at 14,800 pounds. 
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. No. 66. Four pieces of Norway pine, each 1.875 inches deep 
and 4.75 inches wide, superimposed and secured by 18 pipes 
and 12 holts, as in Fig. 63 (B). Broke at 11,000 pounds. 

No. 67. Eight pieces of Norway pine, each 0.0375-iiK‘li deep 
and 4.75 inches wide, superimposed and secured hy 18 pipes 
and 12 bolts, as in Fig. 53 (C). Broke at 10,800 pounds. 

No. 68. Three pieces of Norway pine, eac-h 1.875 inehoa 
doep and 4.76 inches wide, superimposed and secured hy 
18 pipes and 12 bolts, as in Fig. 52 (A). Broke at G300 
pounds. 

No. 69. Two pieces of Norway pine, each 1.875 inches deep 
and 4.76 inches wide, secured hy 18 pipics and 12 holts, as in 
Fig. 52 (B). Broke at 6000 pounds. 

No. 70. Exactly similar to No. 69. Broke at 4540 pounds. 

No. 71. Thi’ee pieces of Norway pnne. Central piece 1.875 
inches deep), and top and bottom pieces each 0.9875-ineh deep; 
ail 4,75 inches wide. Secured by 18 p>ipea and 12 holts, as in 
Fig. 52 (0). Broke at 4840 pounds. 

No. 72. Four pieces of Norway pane, each 0.;i.875-ineli deep 
and 4.75 inches wide, sup')erimp>osed and secured hv 18 pip)eH 
■and 12 holts, as in Fig. 52 (D). Broke at 4800 j)oun<ls. 


Summary of Beams Scoured hy J^iprs. 


Number of Beam. 

Ratio of Span 
to Pepih of 
Beam. 

BwUdiig 

Loatb 

I*ouu<1h. 

KtlU*{cn<*y 
Pi'r <Vnt. 

63 

1K6 

11, 890 


64 

9.(5 


‘Ki.li 

05 

9.6 

M,KOO 

(iO.O 

66 

9.(5 

11, IKK) 

51, 8 

fii 

1 9.6 

KV'tlO 

48 

68 t 

1 12,8 

fi,i50() j 

5'i.2 

69 

1 19.2 

r>,coo 

9:1.2 

70 

19,2 


H4.r, 



I AvcruRo 

i i 

(12.2 

1 


■These results confirm, in a rough way, the eonclusion that 
those heajns are stronger than Clark’s. The cffieieuei(‘H of the 
piped beams would have boon higher had fewer pipt's h<>en 
used, so as to allow greater -apjaciug. Every fra<!ture took l)luue 
between two pipes. 
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XIV. Beams with Haedwood Keys. 

Xo. 73. Two pieces of Xorway pine 3.75 inches deep and 

4.75 inches wide, secured by 4 0.5-inch bolts and 8 oak keys, 
as in Fig. 54. Failed at 13,800 pounds. Broke on tension- 
side. 

Xo. 74. Two pieces of Xorway pine 3.75 inches deep and 

4.75 inches wide, secured by 12 6-incli steel spikes and 12 


Fig. 54. 



1 Cloar-span » 72-^^ 

Joggled Beam with Hardwood Keys. 


whitc-ash keys, like Fig. 49, with side-struts omitted. Broke 
at 12,900 pounds. Failed by shearing the keys. . . . ' 

Xo. 75. Three pieces of Xorway pine, each 2.5 inches deep 
and 4.75 inches wide, secured by eight 0.5-ineh bolts and 36 
white-oak keys, as in Fig. 55. Broke at 12,070 pounds. 
Sheared part of the keys, and lirokc on tension side. 



Fig. 65. 

^ 


.KSM. . Jtglu. .JSX. 

1^ A 




"*"11**" ii IL 

u rfl mi HI HD HI 

# y 1 1 I . 



'or' ‘trr tr f 

Joggled Beam with Hardwood Kcys. 


Xo. 76. Three pieces of Xorway pine. Central piece 3.75 
inches deep, top and bottom pieces each 1.875 inches deep; all 

4.75 inches wide, secured by eight 0.5-inch bolts and 32 
white-oak keys, as in Fig. 56. Broke at 13,200 pounds. 
Sheared part of keys, then broke on tension side. 

Xo. 77. Four pieces of Xorway pine, each 1.875 inches deep 
and 4.75 inches wide, secured by 0.5-inch bolts and keys, as in 
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rig. 57. Broke at 11,700 pounds. Eeys slieared first, then 
tension side broke. 

IjJ'o. 78. Two pieces of Norway pine, each 1.875 inches deep 


Fig. 56. 



and 4.75 inches wide, secured by 0.5-ineh holts and oak keys, 
as in Fig. 58. Broke at 4670 pounds. Failed on tension side. 
Keys remained intact. 

, Fig. 5T. 




— - Clear span 1 

Beam with Oak Keys, haivfs tapered and driven up PAfeT. 


These results show clearly the inadequacy of hardwood 
keys in hardwood beams, ])articularly for short spans. TIui 
efijciencics just given arc little, if any, higher than would have 

Fig. 06. 


i j j I I { 1 1 1 1 i r 1 1 ^ 

Li 1_! — L ~ i 1 ^ ! I ^ II ~ 1 ’ 
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_A-.. J 

L' ii rh 1 |i, ii X i! 

1 

— i 

~ — ■■ 1 

ii i_ 

— ii — ii— ^ it- 




Clear span « <2— 


Indicates bolt, nnt anti wasbor. 


f'"! 


hoen got by merely superimposing the pioees, without any 
fastenings at all. The keys indented so readily that tins 
pieces acted almost independoutly of each other. In nearly 
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Suynmavij of Nonoay Pine Beams with Hardwood Keys. 


Number of Beam, 

Katio of Span 
to Deptb of 
Beam. 

Breaking 

Load. 

Pounds. 

Efficiency. 
Per Cent. 

73 

9.6 

13,800 

613 

74 

9.6 

12,800 

60.1 

75 

9.6 

12,070 

56.3 

76 i 

9.6 

1 13,200 

61.5 

77 

9,6 ! 

11,700 

51.5 



Average 

59. S 

78 

19.2 

4,670 

87.1 


3vcry ease x>art of the keys sheared and then the tension 
udo of the beam failed, showing the correctness of the view 
that a beam with concentrated load fails by longitudinal shear- 
ing, instead of by transverse stress, when ratio of span to depth 
of beam is less than 10. 

No. 79. Four pieces of Norway pine, each 1.875 inches deep 
and 4,75 inches wide, secured by 6-meh steel spikes, as in Fig. 


na. 69. 


>L — fi > 1 ^ ^ — r> 

1 I - O 0 -4-“o -f - o -|~ o ^ o' o -f o -f- 

\ o -f- 0 -f- <!» -f- o o -y- o -f- Q -f- o o , 


fMMMwmnK 

n if-rCTw TTTinn 



ill !! !i 

d'/stcHl spikes I’l !! 

1 II 

1 H 


wKmmmmBM 


mm 

ITf 1-|g- 

TT n n — n u 

H K A K 

T ri 

1— AJ 

— Clear span- 72^^ 


Beam 8ecu(^ed dv 6 inch Steel Spiked. am.bk non ca.,N.Y. 


55). Failed at 7900 pouude, Efficie-ney of beam, 36.8 per 
cont. 

No. 80. Exactly the aaino size of pieces as in No. 79, but 
nu'tH'ly Huperiinposod, w'itliout faMtenin^^s of any kind. Broke 
at (5700 poniidrt. Bottom piece broke first, then the top, next 
the piece nearest bottom, and iiirally the piece nearest the top. 
Eflicioney of beam, 31.2 per cent. 

The results of these tests show that nails or spikes arc of no 
value for this kiml of work, as they pull out under the etrosa. 
Most of the resistance of No. 79 camo slowly from the friction 
between the pieces, as is evident from No. 80. 
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XV. Composite Beams. 

Some writers advocate tire use ot hardwood ou the tension 
side of a beam. The following beams were therefore built ot 
pine and oak, as specified in each ease. 

Xo. 81. Central piece of Xorway pine 8.75 inches deep; top 
piece, Xorway pine, and bottom piece ot white oak, each l.S^o 
inches thick; all pieces 4.75 inches wide. Secured by 18 
pipes and 12 bolts, as in Fig. 53 (A). Broke at 15,180 pounds. 
Middle piece failed first. 

Xo. 82. Exactly the same as Xo. 81, except that both fop and 
bottom pieces were of white oak. Broke at 18,41)0 pounds. 
Middle piece failed first. 

Xo. 83. Central piece of Xorway pine 3.75 inches deep; 
bottom piece of Xorway pine, and top piece of white oak, each 
1.875 inches deep; all 4.75 inches wide. Secured by 0.5-inch 
bolts and oak keys, like Fig. 60. Failed at 13,080 pounds, by 
shearing the keys. 

Xo. Si. Exactly like Xo. 83, except that the oak was pul t)u 
the bottom instead of on the top. Sheared the keys, tlnui 
broke in center piece, and next the bottom piec<‘ tailed, tlu* 
maximum load being 15,200 pounds. 

Xo. 85. Exactly like Xo. 83, except that both top and bot- 
tom pieces wore of white oak. Keys indented badly, then bot- 
tom piece gave "wniy all at once. Xone of the keys sheared. 
Broke at 13,200 pounds. 

Xo. 86. Three pieces, each 1.875 inches deep and 4.75 iindies 
wide. Bottom piece of white oak, and thi' other two of Nor- 
way pine. Secured by 18 })ipeH and 12 holts, as in Fig. 52 
(A). Broke at 8460 pounds. 


Summary of Oniiposifr /bvoHS. 


Num^ier of Beam. 

Katio of 
to of 

Itoatu. 

Loiol. 

Vimndn, 

l*or (ViJt. 

81 

9.6 

15,180 

70.8 

82 

9.6 

]S,i)S0 

in,H 

m 

9.6 

fr».2 

84 

9.6 

15,200 
! 15,200 

8,4»K) 

Avcttige* 

70.9 

85 

9.6 

61/t 

86 

118 

liKl 


(Hill 
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The results show that the oak certainly increased the effi- 
ciency; but it seems to the writer that here, as in the case of 
beam ISfo. 19, the increase is not sufficient to compensate for 
the extra cost of procuring and working the oak. If slightly 
larger pine beams be used, the same results can be obtained at 
a smaller cost than by using the composite beam. Wooden 
ke}'H are not strong enough to develop the full strength of the 
oak; and the writer believes that had iron keys been used the 
results would have been much more favorable. 

Diagram 14 shows the detiectiou characteristic of these 
beams. It will be noted that Clark’s forms come out almost as 
good as the others. This is due solely to the fact that, with a 
small ratio of span to depth, wooden keys are not strong enough 
to develop the strength of the component pieces in the built 
beam. No. 78 shows how the efficiency increases as soon as a 
ratio is reached which permits the use of enough keys to keep 
the bearing-stress on them within safe limits. 

Nos. 1)3 and C7 confirm the conclusions drawn in Part I., 
that the greater the number of component pieces, the greater 
the dellection. 


PAST III. 

XVT. Formulas for Designing Built Beams. 

fiince the tests show that the keyed beams are superior to 
the other forms, and such beams arc as cheap to build as any 
other, the following computations will be confined wholly to 
this form. The beam is supposed to be of rectangular cross- 
section, and of uniform size from end to end. Let 

M bending mojueut in inch-pounds at any section, A B 0 
D, fV- 

M' = similar bending moment at section abed. 

I=z= moment of inertia of section of beam. 

V~ total vortical shearing-stress on any cross-section of 
beam = reaction on support, minus all loads between 
reaction and section in which shear is considered. 

P = load in pounds concentrated in center of beam. 

P' = concentrated load at any point in the beam. 

, w = uniformly distributed load in pounds, per inch length 
of beam. 
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W = total uniform load in pounds on beam, = w 1. 

I = length of span in inches = 12 L. 

L = length of span in feet. 

d = depth of beam in inches. 

h = breadth of beam in inches. 

c = least distance in inches from neutral plane to outer- 
most fiber in beam = ^ 

Jt 

/= total shearing-stress in pounds in neutral plane of 
beam carrying load in center. 

F = similar stress for beam carrying a uniformly distrib- 
uted load. 

R = safe unit shearing-stress, parallel to grain, j»er square 
inch, in pounds. 

S = unit tensile or compressive stress in liber of wood most 
remote from neutral plane. 



T = safe unit compressive stress, pounds, across grain (side 
pressure). 

U = safe unit compressive stress, pounds, on end wood. 
N= number of keys needed, 
s = breadth of one key, inches. 
t = thickness of one key, inches. 
p = distance center to center of keys, inches. 

From formula if to be found in any te.vt-book on 

resistance of materials, it follows that, within the elastic limit, 

Unit skin-stress in fibers along -d i) = 

Unit skin-stress in fibers along a<l=z 

Assuming an element of area hdy (Fig. 60), distant y from 
neutral plane, 
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stress on bdy in face A E D F is 


ycMbdy 

7r~ 


and stress on bdy in face a e d f is 

cl 

liencc, stress on the whole face A E D F is 

d 

m, 


Mb r% 

-j/yfi 


and stress on whole face a e d f is 


/ 


-fyk> 


hut M' = M dM, hence diftcrence between total stress in 
the two faces is 


/ M dM 
V J—' 



hePdM 
81 ■ 


This must be supplied by a resisting shearing-stress in the 
plane BFfo. Let /' = magnitude of this stress per square 
unit; then 


fbdx ■■ 


hdHM 

'^81 


, hence, /' 


<^M 

8I(lx 


bdd 

But I = -- Jl'ow let Q = reaction on support of beam, then 

xJl 

M= Qx — sum of P'x, 

hence ==Q — wx — sum of P', but this is equal to the ver- 

ChJC 

*■11 wn r, 3F 

tical shear v, hence/' = -ktjt- = nry- 
’ 8bd^ 2bd 

V -TIT. 

IJut = mean unit vortical shearing-stress, hence the hori- 
zontal unit shearing-stress at any point in the neutral plane is 
1.5 times the mean unit of vertical shearing-stress at the same 
point. 

Application to the Case of a Beam Loaded in the Center. 


In building up a compound beam the problem is to put in 
the neutral plane fastenings sufficient to resist the shearing 
stress just determined. When a beam is loaded in tlie center, 
the vortical shear V is everywhere, except directly under the 
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load, equal to — , lienee the horizontal unit shearing-.'^tross is 

li 

^ and is constant throughout the entire neutral plane. 

2 2 bd, 

Hence the total stress to be resisted by the keys is, unit stress 

^ ^ SP SPl 

X area neutral plane = OCX 


Application to Beam Zhiiformlp Loaded. 


W 

Keaction on support = 

Vertical shear V in any section distant .r from supi»ort = 
W 

and unit horizontal shear in neutral plane at that point = 


3 

2bd 




Shear on element of length of beam equal to dr will there- 

id (^- 

Hence, total shear in neutral plane which must he resisted 
by the keys is : 

i 


0* 



117 

4 



8rlF^ 
‘(^L‘4 ■ 


T17-, 
'8 -I 


3117 
U ’ 


since id — ll’i 


If the same factor of safety be used in each case, a beam 
which can support a center-load P, cun curry a uniformly dis- 
tributed load of 2P ; hence 1F=2P; hence 


8K_8117. 
~U U ’ 


therefore, 


in any beam of given dimensions, the total shearing-stress along the. 
neutral plane will he constant, whether the load he eoneentraied in 
the center or uniformly distributed, regardless of the length of the 
beam, if the same factor of safety he. used in <dl cases. 

It must bo noted, however, that the distribution of the 
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stresses is not the same in each ease. With a center-load, the 
unit-shear will be constant at every part of the neutral plane, 
as in Fig. 61, while with a distributed load the shear is a 
maximum at the support, and decreases uniformly to zero at 
center of the span, as in Fig. 62. 


Fig. ei. 



XVII. Allowable Wobkino-Stresses in Wood. 

The writer has adopted as a basis for computation the al- 
lowable working-stresses recommended by “ The Committee 
on Strength of Bridge and Trestle Timbers,” adopted by the 

FiQ. 62. 

ccrrrrTTD 


wl 

2 


Shaded portion represents Vehtical Shear-.. 

Association of Railway Superintendents of Bridges and Build- 
ings (Fifth Annual Convention, FTcw Orleans, La., Oct, 1895).* 
The only change in the values recommended by the committee 
is the introduction of the compressive strength of hemlock, and 
change in the compressivo stress across grain for oak. The 




VOL. XXVII.— 63 


* Proceedings for 1895. 
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recommended value for oak is 500, while the winter uses hOO 
for oak keys, for the following reason: Tlie committee had in 
mind full-sized timber, not always of the best quality or per- 
fectly dry. Keys, however, are always made ot the best and 
driest wood obtainable, and for such material tlie writer tliinks 
a working-stress of 800 pounds is not excessive. 


Table of Safe Working-Stresses, Pounds per Sfpiare Inch. 


Kind of Timber. 

COMPKI 

End Wood. 
U. 

.SSION. 

Across 

Grmu. 

T 

With 

tJrtun. 

R. 


Five. 

Four. 

Four. 

White oak 

1,400 

r>()0^ 

200 

White pine ; 

1,100 

^00 

100 

Southern, long-leaf, or Cleorgi**, yellow pine...j 

1,(100 

3^)0 

300 

150 

Douglas, Oreg» n and Washington yellow fir... 

1,000 

150 

Northern, or short-leaf, yeUow pine, hem- ; 
lock, spruce, and eastern fir I 

1,200 


100 


XVIIL Findino the Kumber and Si’acin(} of ‘\V<hu)EX 
Keys Needed. 

It IS evident from the preceding deductions that in a beam 
centrally loaded the keys should be spaced equi<ristant along 
the neutral plane, except that none should be]>ul in the tander, 
where the bending-moment is greatest. The keys in a uni- 
formly loaded beam should be most numerous huvard the tnul 
of the beams, like rivets in a phite-ginler tlung<^ It is im- 
practicable to make the size and spacing of k<‘ys i'ontbrui 
exactly to the theoretical requirements; hence the writer sug- 
gests the following scheme : 

In a l)cam centrally loaded, dehnmnne the mimlHU* of keys 
needed to resist the sliearing-stresseH, leave in the middli* 
the beam a length equal to one-quarter of the span iroo from 
tasteuings of any kind (unless small holts), tlien spaee tlm kiys 
at equal distances throughout the remaining pari of the beam. 
The writer believes that, wdicn practicable, it is better to use a 
number of small keys rather than a few large ones, siiun^ tlu^ 
hcam is less weakened by the key-slots, and iti proportiem as 


* 800 for oak koya. 
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the keys are luore numerous their action approaches more 
nearly to the conditions found in a solid beam. 

Since oak is practically the only material that is generally 
available for keys, the formulas will assume oak, but can, of 
course, be used for any material by substituting the proper 
constants. 

If the key is to be equally strong against shearing and side- 
pressure, then (Fig. 63) : 

r X I = -sJ?; hence, for oak 
s _ T 800 _ 0 

Hence the width of an oak key must be twice its thickness. 


fig. 63. 



7() Find the Nmher and Spacing of Kegs for a Beam Loaded 

m the Center. 

Total stress to bo resisted == 

4^d 

» I)t 7^ 

RcHisiaiK^o of one key = - - * 

A 

If JV = number of keys needed, tlicn N = -^f-L = 

__ 0.02257V. 

(hU 

32 

Splicing of keys. Length of beam available for keys is 
hence, t spacing of keys (inches) : 

« Wlum working ont N, the writer usually takes P as the full theoretical load 
of a solid beam, as the greater the number of keys the stiller the built beam. 

t It has mt been thought worth while to complicate the formulas by taking 
into account the fact that the number of spaces is one less than number of keys. 



810 


THE BFPICIENCT OP BUILT-UP WOODEN BEAMS. 


a 2M(r_ 400Mi 

^~4 2P ~ P 


It will be convenient at times to assume the spacing, and iind 
the size of key to fit, hence for that ease 


t— 

400M’ 


JExamfU . — ^Find number and spacing of keys fora eoniponnd 
beam made of two sticks of white pine 8 inelies wi<le and 10 
inches deep, span, 24 feet. The allowable extreme iila'r-stress 
for white pine (ordinary half green wood) is 700 poumis ; hema' 
a solid beam 8 by 20 inches of the given span ^viIl support a 
concentrated load of 5185 pounds. Assume that we \ise <ad< 
keys in which < = 1 inch, and s = 2 inches, then 


„ 0.0225 X 5185 X 24 

~ 8X20X1 


17.5, say IS keys. 


Andp = 


400 X 8 X 20 
5185 


12.8 inelu'S. 


To Find Number and Spacing of Keps for Unijurndji lj»u<h'd 

Beams. 


3 Wl 

Total shear in neutral plane == ~ • 
as before, resistance of one key = 


7 

9 


hence N 


SWl 2 _ 8Wi 
8d~^ kT~ ibdtr 

ixmbdt ixmbdt 


or for oak k 


CVS 


0.01125 117, 
bdt 


The spacing cannot bo worked out as easily as in the last 
case. Since the shearing-forces are. distributed a.s in Fig. (i2. 
we must so space the keys that the pt‘rpemli<‘ulnrH from the 
center of each key will divide up the sluuled triangle into parts 
of equal area; every key will then do e.’CiU'tly tJu- sium* fluty. 
Fig. 64 shows an easy graphical solution of the prubloiii. Lay 
offline AB to any eonvenient scale to represent half the spun. 
Find N from the formula, erect perpendicular at B, and lay tmf 
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distance BO any convenient length greater than AB, and so 

that it will divide out easily into imparts. With center B, and 

nulius BC, strike an arc CD, intersecting at D a perpendicular 

from A. Divide DB into ^ equal parts, say at E, 0, and E. 

At these points erect perpendiculars to line DB, till they inter- 
sect at C, 11, and K, a semicircle described on DB as a diame- 
ter. With center B, and radii Bd, BII, and BK, strike out 
tlu! points L, M, ahd N; from these points drop perpendiculars 



on AB, ami locale (i, li, and then will A, Q, R, and S ho the 
prop^'i' posilion ftr keys along the half length of the beam, the 
point A being at the wall or supi»<»rt.* 

Ki'ctiiiplt'. — Assunn' satne. size of beam and keys as in the 
preceding case, hut carrying a load uniformly distributed. The 
allowable loa<l woidd then be, considering tlexure only, 2 X 
51 Hf) = 10,1170 pounds; hence. 


O.()n2r)Xl0,!170Xii4 
K X 20 X 1 


1 7.5, or say IH keys, as before, 


* AiigvFa Prmiml Plum' <ml \h 4fl 
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since the total longitudinal shear is the same. Solving for 
spacing hy means of the diagram, and putting first ke}' at the 
'W'all,* the pitches of the 9 keys starting from the wall will be 
approximately 8.5, 9, 9.5, 10.5, 11.5, 13, 15.6 and 19.5 inches. 
In the follo'W'ing section it 'will he shown that the theoretical 
minimum safe spacing for oak keys is 


p t, where R = safe shearing-stress parallel 

to grain of material of which beam is made, h or white pine 
R = 100, hence 

^ 400 4- 200 '^ X 1= 6 inches. To this wo should add 


P 


V 100 ~ / 


about 2 inches to compensate for extra stress due to driving up 
keys, hence the minimum actual working space or pitch would 
be about 8 inches, so that the values above iimnd are safe. 

The writer does not take into account the vi'sistance to sheitr- 
iug contributed by the bolts. All the experiments, ami par- 
ticularly those on Nos. 79 and 80, show that, apart inun the Irie- 
tion between the faces of the component sticks, bolts contribute 
little or nothing in the ivay of I’osistance to sheuring. The 
frictional resistance is of value, but is too uncertain a <juantity 
to take into account when computing tiu‘ numluT of ki'ys 
wanted. 

Minimum Safe Spaein^g of llardinmd Ki'i/k 
The resistance of the beam to shearing between tlu' key -slots 
should be equal to the strength of the keys, hence (Fig. tib) 


Jl X distance a — b — X T, 
or (p — s) i2 = ; but s s= 'if ; hence 


(p — 2i!) B = tT, or p 
’ ?? 


(I--)' 


J{ 


(4(K) -f 2/e) 

' /e ' 


when oak keys arc used, which is the nunimmn sate Hpacitig 
allowable for the keys. To provide for the «>.^tra pressure 

* Distance from this key to end of Intam would of course Imre to ls» not less 
than 8 inches. If this distance is not available, owing to slmrt length allowed 
for bearing on the wall, the only recourse is to move all the keys nearer eeuter of 
beam, till the 8 inches are obtained. 
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caused by driving up the keys, the writer would increase tliese 
values 25 to 40 per cent, in practice. If the spacing worked 

out by the formula p = and by using diagram, Fig. 65, 

should be less than that given by the formula just deduced, the 
only recourse is to use iron keys. 

XIX. Determination of the Number and Spacing of 
Iron Keys Needed. 

The maximum pressure allowable on an iron key is de- 
pendent only on the crushing strength of the end-wood bear- 


FlG. 66. 



ing against the key. lienee it is clear that the preceding for- 
mulas hold good il‘we sul)stitate IT, the safe compressive stress 
on the end-wood, in place of T. Doing this, we obtain th(‘ 
following n^snlts: 


Tmi Kqis, Beam Loaded m Center, 


(F(.r.uula, 


Mutcrial (»f Bcani. 

Nwinbor of KeyH.’'* 

Spiu^lng (>f XeyH. 

Whiti'! oak..,.,,.. 


m 

P 

100 Mt 


2Hmbdt 

P 

Whito pint* 

jV, 


P 

r>M)hdi 


2200 ?)(« 

" p 

Houtlu*ni, long hnif, or (k‘orf(ia, yent)w pine 

iV 

:!200/»(/( 

j 

P 

mi)hdi 

p 

N<)rilu‘rn, or nhort-kaf, yellow pine, hemlock, 
f4pfO(*ej iumI t'UHtem 

iV 

PI 

HWhill 

P 

mohdt 



1 


Note that I m Hpnn in incheH. 
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Iron Keys. Beam Uniformly Loaded. 


(Formula, 2r=^) 

Material of Beam. 

Number of Keys ** 

White oak 

nwi 

^ mOOlKlt 

White pine 

4-lUO l>,H 

Southern, long-leaf, or Georgia, yellow pine 

.v=- '""V 

0400 l>df. 

hTortliern, or short- leaf, yellow pine, hemlock, spruce, 
and eastern tir 

V 

^ urn hit f 


Spacing must be worked out by the graphical method, Fig. 04. 


Mimnim Safe Spacing of Iron /v’oy/.sh 
Substituting IT in place of T in forninla workt‘<I out lor 

wooden keys, we have f) — s)R — Assuniiug, as boibre, 
that 5 = 2if, since this proportion gives a ke.y which has suf- 
ficient resistance to turning around in the slot, (p — 2f)R , 



wliicli reduces to the following values, 

For white oak, == b.5L 

For white pine, 2 ^ = 7JyL 

For southern, long-leaf, or Georgia pine, p "IMf. 

For hemlock, northern or short-leaf yelhnv pine, spnuas and 
eastern fir, p = SL 

The writer advises that these valiums he incrt‘ 5 is(‘d ptu* 
cent in practice, to provide for the extra due 

driving the keys into place. 

PART IV- 

XX Modulus of Rupture of Wiute Pine. 

While the primary object of tins investigati<m was to deter- 
mine the efficiency of built beams, it is thouglit that the 

* Hote that ^^A span in inches. 
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Moduli of Rupture of White Pine. 


d. 

h. 

1. 

W 

P. 

p+w 

2 

s. 

2.75 

4 75 

66 

17 

2700 

2708 

7,460 

a 

(( 

it 

IS 

2600 

2609 

7,190 

u 

<( 

ti 

16 

1880 

1888 

5,200 

it 

it 

it 

16 

1980 

1988 

5,480 

it 

it 

it 

18 

2400 

2409 

6,640 

it 

a 

ii 

18 

3500 

3509 

9,670 

it 

a 

ti 

15 

1830 

1838 

5,070 

a 

1 1 

it 

17 

2150 

2158 

5,950 

it 

it 

ti 

16 

2150 

2158 

5,950 

a 

it 


17 

2640 

2648 

7;300 

a 

it 


16 

2270 

2278 

6,280 

a 

ti 

it 

14 

2150 

2157 

5 ; 950 

a 

it 


16 

1780 

1788 

4,930 

ti 

a 


18 

2200 

2209 

6,090 

a 

it 

it 

17 

2730 

2789 

7 ; 560 

ti 

i t 

1 1 

17 

8100 

3109 

8;570 

a 

ti 

ti 

15 

1920 

1928 

5,310 

it 

ti 

it 

16 

2190 

2198 

6,060 

ti 

it 


16 

3000 

3008 

8,290 

it 

it 

it 

16 

3190 

3198 

8,810 

it 

ti 

it 

14 

2100 

2107 

5,810 

ti 

it 

it 

16 

2330 

2338 

6,440 

ti 

ti 

ti 

13 

2870 

2877 

7,980 

ti 

i t 

it 

13 

3440 

3446 

9,500 

a 

it 

it 

13 

2930 

2937 

8,090 

a 

it 

it 

15 

2080 

2087 

5,750 

a 

li 

it 

13 

2020 

2027 

5,590 

a 

it 

it 

14 

2520 

2527 

6,960 

ti 

t t 

it 

14 

2100 

2107 

5,810 

ti 

it 

it 

! 13 

2540 

2547 

7,020 

ti 

it 

it 

16 

1860 

1868 

5,150 

a 

it 

ti 

14 

2460 

2467 

0,800 

a 

ti 

tt 

13 

2060 

2()()7 

5,701) 

it 

ti 

it 

12 

2540 

2546 

7,020 

ti 

(t 

it 

14 

2930 

2937 

8,090 

it 

it 

tt 

14 

2830 

2837 

7,820 

a 

it 

it 

15 

3100 

3108 

8, 57 0 

a 

a 


17 

3480 

3489 

9,620 

ti 

ti 

it 

13 

2150 

2157 

5,950 

i( 

it 

a 

14 

2970 

2977 

8,210 

ti 

it 

it 

12 

2150 

2456 

6,770 

ti 

it 

tt 

12 

2600 

2606 

7,180 

ti ' 

it 


14 

2530 

2537 

6,990 

it ; 

ti 


14 

2920 

2927 

8,070 

a i 

ii 


14 

2530 

2537 

6,990 

it 

ti 


14 

2170 

2177 

6,000 

a j 

it 

tt 

17 

2100 

2101) 

5,810 

«4 

it 

it 

14 

2400 

2407 

5,270 

a 

ti 

ti 

13 

2690 

2697 

7,430 

it 

<< 

tt 

14 

2860 

1 2B67 

7,900 

it 

ii 

tt 

15 

2800 

2807 

7,740 

a 

it 

tt 

14 

3120 

3127 

8,620 

a 

a 

it 

16 

2350 

235B 

6,500 

ti 

it 

tt 

16 

2620 

2628 

7,240 

ti 

ti 

it 

15 

3050 

3058 

6,690 

it 

ti 

t i 

15 

IBOO 

1808 

i 4,980 

it 

ti 

tt 

15 

2200 

2208 

5,550 

it 

it 

ii 

14 

3050 

3057 

8,430 

t i 

ti 

it 

16 

2700 

2708 ! 

7,460 
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Moduli of JRupture of White Pme— Continued. 


d. 

h. 

I 

W. 

P. 


s. 


4.75 

66 

14 

2100 

2107 

5,810 

<< 

it 

it 

14 

2260 

2267 

6, 250 

(< 

it 

a 

14 

2310 

2317 

6,390 

(i 

a 

it 

14 

2240 

2247 

6,190 

t(. 

it 

it 

16 

2080 

2088 

6,760 

a 

it 

it 

16 

2120 

2128 

6,870 

n 

it 

It 

16 

1830 

1838 

5,070 

u 

it 

it 

16 

2650 

2658 

7,330 

3 75 

4.5 

tt 

20 

2960 

2970 

4,650 


5.0 

72 

13 

1600 

1607 

6,160 

it 

te 

tt 

13 

1600 

1607 

6,150 

1.375 

4.75 

66 

8 

600 

604 

6,660 

it 

i f 

n 

8 

520 

524 

6,7^0 

t( 

it 

tt 

7 

600 

604 

6,660 

t ( 

tt 

tt 

7 

750 

754 

8,310 

2.75 

4.50 

it 

15 

3500 

3508 

10,250 

(( 

it 

tt 

14 

2150 

2157 

6,280 

(< 

it 

tt 

14 

3200 

3207 

9,330 

<< 

(t 

tl 

13 

2670 

2676 

7,790 

u 

it 

tt 

14 

2880 

2887 

8,400 

n 

it 

90 

17 

2360 

2368 

6,890 

it 

it 

it 

17 

2800 

2309 

6,720 

2.375 

4.0 

66 

9 

1260 

1265 

5,550 

tc 

it 

It 

9 

1270 

1275 

5, 600 

it 

it 

it 

9 

1270 

1275 

5,600 

it 

it 

tc 

9 

1210 

1215 

5,330 

it 

it 

ti 

9 

1150 

1155 

5,070 

it 

it 

tt 

9 

1200 

1205 

5,290 

it 

it 

it 

9 

1140 

1145 

5,020 

it 

ft 

it 

9 

1260 

1265 

1 5,550 

2.75 

4.5 

108 

22 

2600 

2611 

1 7,600 

2.875 

it 

tt 

18 

1420 

1429 

4,810 

it 

tc 


17 

' 1480 

1487 

5,020 

2.375 

4.5 

It 

18 

! 620 

629 

4,020 

it 

it 

tt 

18 

730 I 

739 

4,720 

it 

4.25 

it 

18 

720 

729 

4,930 

it 

tc 

it 

16 

790 

798 

r),390 

it 

4.5 

it 

18 

870 

879 

5,610 

it 

it 

it 

18 

900 

909 

5,800 

3.75 

4.5 

90 

23 

3680 

3692 

7,880 

a 

tc 

tt 

22 

3700 

3711 

7,920 

it 

tt 

tc 

25 

4080 

4092 

8,730 

it 

tc 

tt 

22 

3800 

3811 

8,130 

it 

tt 

tt 

22 

3230 

3241 

6,920 


it 

ti 

20 

3670 

3680 

7,860 

tt 

ti 

it 

22 

3370 

3381 

7,220 

a 

It 

it 

20 

3400 

3410 

7,280 

it 

tt 

it 

21 

4000 

1 4010 

8,560 

C( 

tt 

it 

21 

3910 

i 3921 

8,370 

a 

it 

it 

21 

3150 

3 160 

7,380 

li 

it 

it 

21 

3385 

1 3390 

7,250 

a 

tc 

tt 

21 

3600 

3610 

7,700 

a 


a 

20 

3550 

3660 

7,600 

it 

tt 

ti 

21 

3000 

soil 

6,420 

a 

it 

it 

19 

3300 

3310 

7,060 


Average from 114 tests 6,760 

Maximum from 114 tests 10,2«60 

Minimum from 114 tests 4,020 


Average from 114 tests 6,760 

Maximum from 114 tests 10,2«60 

Minimum from 114 tests 4,020 
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modulus of rupture computed from results of the tests on the 
114 white-pine check-pieces, etc., is worth recording. This 


modulus is computed from the formula S ■■ 


SI 


( 


W\ 

P + x) 


2bd^ 


m 


which 

S = modulus of rupture. 

P = load in pounds in center which broke the beam. 

W = weight of beam in pounds. 

I = span in inches. 
b = breadth of beam in inches. 
d = depth of beam in inches. 

When it is considered that all this pine was number one, 
clear, and about equally dry, the wide diftereuce in the results 
merely serves to confirm the correctness of the modern engi- 
neering view that the working-stresses allowed in timber of the 
quality used in structures have, until very recently, been too 
high. 
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The Cyanide Process. 

Discussion of the Papers of Prof. S. B. Christy, Mr. H. Van F. Furman and Mr. 

George A. Packard. (See vol. xxvi., pages 709, 721 and 735.) 

(Chicago Meeting, February, 1897 ) 

E. B. Wilson, Salem, Va. (communication to the Sec- 
retary) : Prof. Christy’s paper is, beyond doubt, the most 
valuable contribution hitherto made by an impartial investi- 
gator to the literature of the cyanide process ; and the Insti- 
tute is to be congratulated upon its possession of a member 
willing to labor so greatly, and to communicate the results of 
his labors so freely, for the benefit of his professional col- 
leagues. 

In offering some criticisms upon Prof. Christy’s interpre- 
tations and conclusions, I do not question the accuracy of his 
work, or the facts which it establishes, but only the application 
of these facts to the theory (and incidentally to the practical 
operation) of the process. 

I start with the proposition, which I think has been proved 
by experiment, that in the solution of gold by means of alkaline 
cyanides the various reactions are determined, as to their order 
and intensity, by the relative position of the elements con- 
cerned in the electro-chemical series, or series of voltaic ten- 
sion. While this theory, originally propounded by Berzelius 
as a law governing all chemical reactions, has been questioned 
(and, perhaps, in its universal and unqualified application, dis- 
proved) on the evidence of contradictory observations, I think 
the results reported by Grore and others show it to be a safe 
guide under the conditions here in question. 

From the voltaic-tension series, as given by Gore, I quote 
the following elements, as those especially involved in this in- 
quiry, prefixing to each the number indicating its position in 
the series, in the order from electro-positive to electro-nega- 
tive: 
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3. Potassium. 

4. Sodium. 

8. Calcium. 

9. Magnesium. 

12. Manganese. 

13. Zinc. 

15. Iron. 

20. Lead. 

24. Copper. 

25. Hydrogen. 


27. Silver. 

28. Antimony. 

29. Tellurium. 
31. Gold. 

37. Carbon. 

39. Nitrogen. 

40. Arsenic. 
43. Sulphur. 

45. Bromine. 

46. Chlorine. 


47. Oxygen. 

According to the well-known principles of the electro-chemi- 
cal theory, the wider apart any two elements in this series, the 
greater the electro-motive force of the current they would pro- 
duce as a voltaic couple ; the greater their affinity, or tendency 
to unite ; the greater the amount of heat they liberate in 
uniting; and conversely, the greater the amount of heat (or 
equivalent electrical energy) required to decompose the com- 
pound formed by their union. 

Oxygen, being the most electro-negative element in the 
voltaic series, is the one which liberates most heat by its union 
with other elements, and consequently the one most effective 
in decomposing their compounds. 

It follows also from the theory, that in solution involving 
oxidation, those elements are most readily dissolved which are 
furthest from oxygen in the electro-chemical series, and evolve 
by their oxidation the most heat. And it may be asserted, as 
a corollary proposition, that in cases, both of chemical union 
and of chemical decomposition, those changes first occur to 
which there is the least resistance, as the resultant of the rela- 
tive affinities of the elements present, as measured by their 
distance apart in the electro-chemical series. In voltaic cells, 
each metal of the couple is corroded, and evolves heat ; but the 
highest electro-motive force is obtained by coupling two ele- 
ments widest apart in the series; that is, other things being 
equal, the most easily corroded metal, coupled with the one 
least easily corroded, yields the most intense current. Potas- 
sium and gold would thus form a stronger voltaic couple than 
could be formed by either of them with zinc, iron, lead or 
copper, or by either of these with any other. This may ac- 
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count, in some measure, for the stability of the auro-potassic 
cyanide. 

But, in my opinion, the action of oxygen is necessary to de- 
velop the molecular energ}" required to effect the reactions 
resulting, under the conditions of this process, in the union of 
potassium and gold. Prof. Christy aptly compares the part of 
oxygen in this case with that which it plays in the circulation 
of the blood of men and animals. At all events, his thorough 
investigations confirm the results of my own experiment and 
practice, in showing that the presence of oxygen, or an equivar 
lent agent, is necessary to the solution of gold by this process. 
Whether either chlorine or bromine does, in fact, perform di- 
rectly the work of oxygen in the case under consideration, will 
be considered below. For the present, I assume that oxygen 
is required. 

Since the development of oxygen by the decomposition of 
the water present would require the expenditure of more 
energy than the furnishing of it from the atmosphere or by 
other artificial means, the process would proceed more slowly 
in the former case. 

The Pelatan-Clerici method obtains oxygen in two ways, 
namely, by the decomposing action of the electric current upon 
water, and by the exposure of the charge, through agitation, 
to the oxygen of the air. This permits the employment of a 
much weaker cyanide-solution. 

Mr. Kendall* furnishes oxygen by the use of sodium diox- 
ide. Ilis method, like that of Pelatan-Clerici, requires careful 
preliminary determination of the amount of oxygen required. 

The representatives of the MacArthur-Forrest patented pro- 
cess, while claiming, as Prof. Christy has pointed out, that the 
action of oxygen was not necessary, ignorantly included it, 
nevertheless, in the practical operations of percolation and 
drainage which they prescribed. For not only would the ma- 
terial which they propose to treat be, in their process, at all 
times exposed to the atmosphere, which contains free oxygen, 
but the water with which they dilute their solvent solution 
always (*arries, in addition to the oxygen which is one of its 
constituents, a considerable amount of oxygen in solution (by 
aeration). To these circumstances may undoubtedly be at- 

^ IT. S. patent, No. 538,522, Apr. 30, 1895. 

YOL. xxvn.— 54 
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tributed the effective operation of their process when neither 
agitation nor extraneous artificial means of supplying oxygen 
are employed. 

Since the double salt, KAuCy^, is very stable, and acid does 
not readily destroy it, I am inclined to believe that acid and the 
salts of base metals do not cause in this process the extensive 
loss of cyanogen which has been attributed to them, but rather 
that this loss is due to other impurities present in the solution 
at the moment of the formation of the double cyanide of K and 
Au. I am aware that this view may be controverted on the 
ground that ECy is readily decomposed by dilute acids. But 
it may be replied that this is not the ease in the presence of 
gold — a phenomenon which I ascribe to voltaic action. In this 
connection also the fact may be mentioned that if the amount 
of lime necessary for the mineralization of the ore be deter- 
mined, it seems to make no difference in the result wdiether 
this lime be added before the lixiviation or at the time of the 
latter; the amount of cyanogen consumed being about the same 
in either case. This proposition, I am aware, contradicts the 
statement of Mr. Furman, in his paper on “Laboratory Tests,” 
etc. (page 724), to the effect that if an ore be acid “ the result 
will be decomposition of potassium cyanide unless this acidity 
is destroyed before the cyanide-solution is added.” In support 
of my view I wmuld refer to the experiments described below. 

These experiments show also that a O.l-pcr-ccnt. cyanide- 
solution may dissolve the gold as thoroughly as a 1-per-eent. 
solution. If the latter were used in a given case, we might ex- 
pect the loss of cyanide to be ten times as great, depending, 
however, on the amount of impurities in the ore having affinity 
for the cyanogen set free. 

Strong cyanide-solutions have shown, when applied to acid 
ores, considerable loss of cyanide, but at the same time a high 
extraction of gold — ^higher in a given period than when the oro 
had been previously neutralized. However, when impurities 
in the solution are a minimum or entirely absent, it will be 
found that the stronger the solution, the greater the loss of 
cyanide. 

Accepting Prof. Christy’s conclusion (as opposed to the view 
of Mr. MacArthur) that free oxyg'en is necessary to the usual re- 
action effecting the solution of gold in cyanide-solutions, I must 
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venture to doubt his opinion that bromine is capable of doing 
the same work as oxygen in this reaction. (See his footnote on 
page 741, criticizing the formula suggestedby Mr. Mulholland.) 
I agree with him that strong solutions of bromine and potassium 
cyanide should be avoided, as occasioning a loss of cyanogen ; 
but I believe that the formation of paracyanogen, to which he 
refers, requires the liberation, in some way, of oxygen. 

The order, in the voltaic series already given, of the elements 
K (3), 0 (37), 17 (39) and Br (45) would indicate that bromine 
has stronger atBnity for potassium than either carbon or nitro- 
gen taken separately; but we have here to deal with the com- 
pound negative radical cyanogen (CI7), which closely resembles 
bromine in many respects, and is more volatile, assuming the 
liquid state under the pressure of three atmospheres, while bro- 
mine is liquid at ordinary temperature and pressure. We are 
justified in the inference that if the compounds of cyanogen re- 
quire oxygen for the reaction here under consideration, bromine, 
which stands so near cyanogen, will not elffect the reaction 
without oxygen. 

The question is, Does KCy require the presence of oxygen 
for the formation of the double cyanide with gold ? 

Mr. W. Settle has reported* experiments in which gold was 
dissolved from tailings containing basic ferric sulphate in the 
absence of even traces of free oxygen, the active agent being 
cyanogen. The formula which he proposes for the reaction is : 

4KOy + X.'Fefiy,, + 2Au = 2KAuCy, + 2K,FeCye. 

It will be noticed that, according to this explanation, the 
ferricyauide is reduced to a ferrocyanide, which calls for an 
oxidizing agent. 

Mr, Bottle says in another communication rf 

“ Wbile potassic ferric cyanide is capable of decomposing water in the presence 
of an oxidizable material, I maintain ■ that gold in ordinary solutions is not an 
oxidizable material, and, therefore, for the dissolution of gold cyanogen must be' 

placed in atomic contact with this element in a cyanide solution To argue 

otherwise is to assume that aurous or auric oxide is formed by the oxygen liber- 
ated. and one of these oxides dissolves cyanide to form the auro, or auric cyanide 
of the metal.” 


^ South African 3Rninff Journal^ May 11, 1895. 
f Ibict.f May 25; 1895. 
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Prof. J. C. S. Wells, of Columbia University, lias declared* 
that zinc-potassie cyanide is a solvent for gold, but not when 
free potassium cyanide is present ; and be adds that since in 
the practice of the cyanide process the solutions do always con- 
tain free potassic cyanide, the solvent power of the double zinc- 
salt is not available. 

Prof. Christy and Mr. Bettle req^uire the presence of free 
cyanogen to effect the reaction in the absence of oxygen, while 
I think, with Prof Wells, that the reaction will not take place 
without oxygen. 

Mr. Olaniiel, in a paper on the Sulnian process,! has de- 
scribed certain experiments which throw light upon this sub- 
ject. He placed in three separate beakers the following solu- 
tions : (1) a dilute solution of KCy; (2) a dilute solution of 
BrCy, and (3) a mixture of the two solutions, and covered each 
with a watch-glass, on which was suspended a drop of nitrate 
of silver. The drop over Ho. 1 gradually became turbid Irom 
the formation of cyanide of silver ; the drop over Ho. 2 i o- 
mained unchanged; the drop over Ho. 3 rapidly became white, 
showing that hydrocyanic acid was rapidly liberated from the 
solution below. This requires hydrogen, and the only source 
of hydrogen under the circumstances is the decomposition ot 
water, which must liberate, either as free oxygen or as peroxide 
of hydrogen, the oxygen necessary to the reaction. Mr. Clan- 
iiel proposes the following equation, based on the tact that HGy 
is a product of the decomposition : 

5KCy + 2BrCy + 2Au -|- H^ = 2KAuCy, -I- 2I\:Br -f- 
KCyO + 2HCy. 

If bis explanation be correct, the active agent is not cyanogen 
bromide, but potassium cyanate, which quickens the reatdiou 
when bromo-cyanide solutions are employed. 

Before seeing Mr. Claunel’s article on the Sulmaii cyanogen- 
bromide process I had formulated the following reactions, whieh 
I considered as occurring, not sunultaneouslj^, but in close suc- 
cession : 


* Engineering and Mining Jonmol^ December 14, 1895, p. 559. 
t South African Mining Journal^ May 25, 189-5. 
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I 3KCy + All + BrCy + 0 + H.,0 = KAiiCy^ + BrCy,Cy + 

2b:oh. 

II. 2KOH + BrCy,Cy + An = KAnCy, + KBr + 0 + H,0. 

The first of these equations represents the supposition that 
Cy has more afiinity than Br for K, It is evident, however, 
that any potassic hydrate formed will not long remain iin- 
afiected in such a solution, and hence the reaction expressed in 
the second equation quickly follows, supplying the oxygen 
necessary for the solution of the gold as an element in the 
double cyanide. The above equations leave free oxygen as a 
result, and, if the theory here advanced be tenable, we may ex- 
pect more cyanogen to be liberated the more oxygen is present. 
With this result the consumption of cyanide in the process 
stands connected, and if base metal salts or other impurities are 
present in abundance the loss will be greater from that cause. 
It is my impression that too much stress has been laid upon 
metallic and not enough upon earthy salts in this connection, 
and I hope to be able to give, at some future time, experimental 
proof that, by paying due regard to the latter, an increased ex- 
traction of gold, coupled with a saving of cyanide, can be 
realized in practice. 

The experiments of my own, to which reference has been 
made above, were made upon several portions of the same ore- 
sample at the same time, and occupied the same period of 
treatment — namely, 15 hours. The results were as follows: 

No. of Experiment. 

. 1 . 2 . ■ 3 . 

Percentage of KCy in solution before 

use, 1.0809 0.5404 0.1081 

Percentage of KCy in solution after 

use, 0.5145 0.0837 0.0042 

Consumption of KCy by difference, . 0.5664 0.4567 0.1039 

Extraction in milligrammes, gold, .0.5 2.3 2.2 

silver, . 72.45 138.4 103.3 

Percentage of extraction of total gold 

‘and silver, 73.0 86.7 79.0 

It is evident that the proper strength of the solution for this 
particular ore would he between that of experiment Xo. 2 and 
that of No. 3, since in the latter ease nearly all the cyanide was 
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consumed, and the amount was shown to be too small for a 
maximum extraction. It will be noticed that the consumption 
of cyanide did not influence the percentage of extraction in 
this case. 

The Electrical Precipitation of Gold from Auro-Potassic Cya^ 
nide . — Of the three conditions, none of which Prof. Christy says 
(p. 757) can be secured in precipitating gold electrically from 
a cyanide ore-extraction solution, two are not essential to the 
process. The conditions necessary for successful electro- 
chemical action are : (1) a liquid ; (2) a definite chemical com- 
pound in the liquid ; and (3) that the liquid compound be a 
conductor of electricity. 

These conditions do not necessitate either Prof. Chinsty’s 
No. 1, a soluble anode of the metal to be deposited, or his No. 
2, concentrated solutions of the double cyanide of gold and po- 
tassium. As to his No. 3, an electrolyte of constant composi- 
tion, whereby the proper working conditions may be constantly 
maintained, it is not, as he thinks, impracticable. The electro- 
lyte is a solution of potassium cyanide. It may be changed 
chemically by the passage of the current, but in any case the 
potassium and cyanide remain in some form in the solution. 
It is true that the electrolyte may otfer. a high specific resist- 
ance; but it is more than likely that impurities in the liquor 
assist ill a measure the passage of the current, or they may bo 
introduced artificially to assist it, as, for instance, in the Ptdatan- 
Olerici process, in which about 1 per cent, of common salt 
(NaCl) is placed in the bath, for no other purpose than to give 
the electrolyte a suflS.cient and practically constant conductivity 
during the whole operation. If other impurities in the li(iU(>r 
assist the passage of the current, so much the better; if they 
retard it, their eftect is not noticeable. 

With such a feeble current as is generated in the :^inc-l)oxes 
the strength of the cyanide-solutions is of considerable moment, 
but when electricity is applied to weak cyanide-solutions, the 
strength of the solution is of very little moment. Prof. 
Christy’s comparison of electra-plating- or . gilding with the 
electrical precipitation of gold in this case is not well taken. 
In the first instance, we want an even deposit in a given time ; 
in the second, we want the gold irrespective of uniformity of 
deposit. 
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Professor Christy says with reason that the two processes are 
difterent ; but all the differences and difficulties which he points 
out, such as absence of a gold anode, weakness of the solution, 
formation of aurocyanhydric acid, or imperfect division of the 
double cyanide into its constituents, may be, as he acknowl- 
edges, avoided by the use of currents with sufficient intensity 
and quantity of electricity. He remarks (on the last line of p. 
757) that nobody would think of extracting, from such weak 
solutions, any other metal than gold by electricity. Plis reason 
for this opinion is apparently the high cost of the current re- 
quired. At least, if the difficulty of maintaining a practically 
constant electrolyte be overcome, the question of cost seems to 
be the only one which can justify his conclusion. Let us see 
what is the weight of this consideration. 

To decompose the gold salts and cause this metal to be de- 
posited, a theoretical voltage of about 0.4 volt is required, 
without a gold anode. Let us assume that in practice it is 1.5 
volts, a figure which should satisfy the most conservative. A 
current of 1.5 volts and of 500 amperes represents one horse- 
power, which costs, sajq 40 cents per twenty-four hours ; this 
estimate being likewise liberal. 

Such a current, in a solution of gold employed for gilding, 
where the whole of the amperage is used to precipitate the gold, 
would precipitate more than |1000 in gold per hour, and more 
than $24,000 in twenty-four hours. The cost of the electric 
energy consumed would therefore not reach of the value 

of the gold. If, in order to exhaust the weak solutions and 
overcome the difficulties pointed out by Professor Christy, the 
electric energy and quantity should be increased a hundred-fold, 
the expense would be of the value of the gold; or if it 
should bo increased 1000 times, it would be but of the value 
of the gold, which would still not be a prohibitory condition. 
In fact, when we calculate upon the generation of electricity 
by hydraulic power we can almost reduce the running cost to 
that of oil and waste. 

The action at the anode in solving the double salt AuKOy^ 
would be first upon An, thou upon K, as gold is less positive 
than potassium ; and the order of deposition would be the same. 
The cyanide in part reunites with K forming KCy; the re- 
mainder of the Cy being lost, so far as practice goes. It may 
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form paraeyanogen or ferroeyanide, but even then the loss is 
less than occurs in the zinc-hoxes, because of the weaker solu- 
tions used. The Pelatan-Cleriei process takes advantage of the 
cyanide liberated at the anode in this way: if free gold is near, 
the free cyanogen unites with it; or if KCy and Au are in jux- 
taposition they are also united by the oxygen at that point, and 
in both instances being electrolyzed, are made ready tor depo- 
sition. Thus by this process the solving and deposition goes 
on in the same vessel, in an almost constant electrolyte, until 
the gold is exhausted. 

With the Siemens-Halske process artiticial diffusion is neces- 
sary to precipitation; but in the above process it is already pro- 
vided as requisite to the solution; nor is it necessary to enlarge 
the size of the plates in the latter process beyond a definite pro- 
portion necessary for the size of each vat. Hence no incon- 
venience or extra expense is encountered (p. 758), such as would, 
in Professor Christy’s language, “ rob the method of its cheap- 
ness, simplicity and convenience.” 

The high specific resistance, when scientifically utilized, aids 
in simplifying matters rather than robbing the method ot its 
cheapness. 

The haloid salts of potassium are separated into acid and 
base, the electromotive force necessary to produce deeoinposi- 
tion being much less than that required to set free the alkali- 
metal (JbuT. C/ism. Soe., 1882, vol- xlii., pp. 260, 853). ibis 
being the case, we cannot well accept the theory that Au 0 y 2 
goes to the anode and K to the cathode, or that gold under 
ordinary circumstances is deposited upon an anode of iron from 
an AuKCy^ solution. It is rarely the ease that gold is ever 
deposited from a cyanide solution on the anode. It is fiiunly 
deposited on the cathode. 

As to the existence of the auro-cyanhydric acid, and its 
assimilation to the ferro-cyanhydric acids, the disenssiou might 
he prolonged ; but au essential character of the ferro-cyani(U‘s 
is that by adding to them a salt of another metal the iron is not 
displaced and no cyanide of iron is separated. 

This is not the case for double cyanide of gold and })()tiissium 
and for auro-eyanhydrie acid, because : (1) chloride of mercury 
separates the cyanide of gold (see pages 750 and 751 of I’rof. 
Christy’s paper) ; (2) the silver of the silver nitrate precipitatcB 
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the gold entirely, making an interchange of metals instead of 
forming anro-cyanide of silver ; and (3) mercury and lead act 
partially in a similar manner (ibid.^ 748, paragraph 4). It 
matters little about auro-cyanhydric acid, since, if it cuts any 
figure at all in electrical precipitation, it can be got rid of by 
using a sufficiently strong current. I am aware that electrical 
precipitation is not perfect; nevertheless, I think the present 
practical choice involves, in any ease, electrolysis. If we take 
the zinc-precipitation of the MacArthur-Forrest process, we 
have voltaic electrolysis, involving one liquid and one metal, 
the metal depositing upon itself. This means a fouling of the 
solution and the resulting bullion. If we take the Kendall.pro- 
cess of zinc-amalgam precipitation, we obtain a much purer 
bullion, but Mr. Kendall himself says it is precipitation by elec- 
trolysis, in which case we have the voltaic action of two metals, 
virtually one, in one liquid. The next alternative is the Sie- 
mens-Iialske method. This is avowedly electrical, involving 
one liquid and two plates. It gives a good bullion, and will 
precipitate gold from a very weak solution of auro-potassic 
cyanide; but it is objectionable by reason of the large amount 
of Prussian blue formed and the number of lead plates required. 

Finally, the Pelatan-Clerici process is electrical, using one 
liquid and two metal electrodes. The objection to it is that it 
keeps in use too much mercury, although, on the other hand, 
practically no mercury is lost. 

Ali’Red James, Glasgow, Scotland (communication to the 
Secretary): Prof. Christy lays all cyanide-workers under a 
heavy obligation by the publication of his exceedingly able 
paper. This record of results of careful and painstaking work 
and conclusions deduced from theoretical considerations are of 
the utmost value to the practical operator, and inspire the hope 
that Prof. Christy will also publish a similar paper on the 
mechanical side of the question. 

llis present paper difters from the majority of previous pub- 
lications on the cyanide process in that the work therein re- 
ferred to was based on considerations of theory rather than of 
])racticc. One therefore naturally expects that results so ob- 
tained will not invariably agree with deductions from practice. 
Thus, the experimental use. of chemically pure cyanide of potas- 
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sium would lead workers in this direction, as it originally led 
MacArthur, to design cumbrous though ingenious plants for 
the admission of oxygen to the working-solutions, when, as 
Prof. Christy himself shows, for ordinary ores the solutions 
carry more than enough oxygen for all practical purposes. 

It is assumed that in writing of the effect of oxidizing agents 
the author is referring to experiments with metallic gold and 
not with auriferous ores, as otherwise the weight of experience 
appears to be entirely against his conclusions that “ each of 
these .... when added to a potassium-cyanide solution in- 
creased the solubility of the gold over that shown in a similar 
solution without such addition.” The use of oxidizers has not 
been found beneficial in practice, except in special eases, such 
as those in which soluble sulphides are present; in which case, 
as suggested by Ellis, the oxidizers decompose the sulphides, 
the retarding action of which he first noticed in 1889. Even 
in this case it was necessary to select carefully the oxidizer 
employed. 

Perhaps the most hrilliaut portion of the paper is that relat- 
ing to cyanogen bromide, in which the author shows that even 
theoretically oxygen is not necessary for the solution of gold 
by potassium cyanide, aud affirms the important truth that 
nascent cyanogen is the real factor. 

The first generally known record of the proposed application 
of cyanogen bromide, chloride or iodide to the extraction of 
gold is that contained in the patent specification of Dr. (laze, of 
New Zealand, who applied for a patent for the use of this re- 
agent in 1892 ; but the knowledge of its real function as a most 
convenient means for producing nascent cyanogen is apparently 
of comparatively recent date; indeed, Prof. Christy sooius to 
have been the earliest recorded discoverer. 

Some time since an investigation on the subject showed that 
BrCy was not at all the unstable compound, when mixt'd with 
alkalies or alkaline carbonates, that "Watts had declared it to he, 
and that even considerable quantities of caustic alkali or car- 
bonate failed to decompose the compound, whereas, whom it 
was added to a solution of KCy, decomposition commenced im- 
mediately. 

It was also found that BrCy made by sublimation and BrOy 
made by the addition of bromine-water to a solution of potas- 
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sium cyanide beliaved alike. The text-book reaction, KCy + 
2Br = KBr 4 . BrOy, therefore appears to be correct, though 
with dilute solutions the reaction takes considerable time for 
completion. 

The gradual but complete decomposition of BrCy in presence 
of KCy with formation of Cya led to the attempt to substitute 
gaseous CIST in solution, with results which showed a distinct 
improvement with metallic gold over the extraction by KCy 
alone; but in every case the nascent cyanogen proved itself 
superior. 

A point which the author has apparently overlooked is that 
the decomposition of BrCy in KCy solution, instead of being 
immediate, is usually very gradual, extending over some hours ; 
the rate depending, among other things, on the purity of the 
cyanide employed and the amount of alkali present, as it is 
found that while alkali per se does not decompose the BrCy, it 
greatly accelerates decomposition when KCy is present A 
knowledge of this important fact facilitates the addition of BrCy 
in small quantities from time to time, as required. On the 
other hand, the tendency to the formation of paracyanogen, 
even in very dilute solutions, was very great, and the catalytic 
action rapidly increased on exposure. This probably accounts 
for the failure in practice to obtain good results with this re- 
agent. 

The section of the paper on the precipitation of gold from 
cyanide solutions abounds in interesting points; but for the 
present the writer wishes to confine his remarks to Professor 
Christy^s observations on precipitation by means of metallic 
zinc. At the outset, exceptions must be taken to some of the 
objections raised by the author (p. 760) against this i:)rocess. 

Objection ( 1 ) is well founded and is admitted. 

Objection ( 2 ) does not appear to be well founded, either upon 
Professor Christy’s theoretical considerations or upon actual 
results in practice with dilute solutions. In the whole of the 
paper there is not a single reaction shown in which free cyanide 
is consumed by zinc, with the exception of the hypothetical 
reaction given on p. 764, and the whole tenor of the previous 
results on aiiropotassic cyanide solutions shows that such free 
cyanide of potassium is entirely unnecessary to the reaction. 
In every other case it is shown that the zinc merely replaces 
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the gold ill the auropotassie cyanide, and this could scarcely be 
termed a “ great destruction of potassium cyanide.” 

Moreover, a series of determinations, taken from various 
plants in different parts of the world, has shown that with 
weak solutions, as used in practice, there is no appreciable loss 
of cyanide in the zinc-boxes. The difference in tests taken 
from the head and tail of the boxes is seldom perceptible, ancl 
any difference, when found, is at least as frequently in favor of 
the tails as against it. (These tests are, of coume, not conclu- 
sive, and a rapid correct method of determining actual free 
cyanide in the presence of double cyanide of zinc and potas- 
sium and caustic potash is greatly needed.) In this connection 
it may be noted that even if the whole of the KAuCi'j present 
in the extractors were regenerated by the action of the nascent 
hydrogen and in the presence of caustic potash, the increase 
in the test would be only about .001 per cent. — so slight is the 
amount. 

On the other hand, the assertion that “ the great consump- 
tion of zinc” is due to free potassium cyanide is untenaldc in 
face of the fact that more cyanide would be required for this one 
reaction than is at present consumed for the whole treatment — 
that of the ore included. The average consumption of zinc is 
0.3 pound per ton treated, and this alone would therefore ac- 
count for a consumption of cyanide of 1.2 pound per ton. But 
tailings are being regularly treated in Africa, with an even 
greater consumption of zinc than that shown, for an actual 
consumption of only 0.45 pound of cyanide per ton for the 
whole process. 

Objection (3), as to the removal of the zinc and cyanogen resi- 
dues, is partly met by the usual practice of running water 
through the boxes immediately prior to cleaning up, and allow- 
ing “ slimes ” to flow through a sieve of fine mesh. Bullion 
950 fine and over has been regularly produced by this method ; 
and when the zinc is not conveniently thus separated, an acid 
treatment is given. 

Objection (4) is met by the results of Professor Christy him- 
self, when he shows that perfect precipitation has been obtained 
even from solutions of auropotassie cyanide containiny no free, 
cyanide. He objects to the time taken to effect this precipita- 
tion. This might have been lessened by increasing the amount 
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of zinc-shavings ; yet it is only about the same as that taken 
by the electrolytic process. It is also deemed impracticable 
because 1200 times the theoretical amount of zinc required 
was present. A rough calculation shows that in all ordinary 
works, with easily-treated solutions, each box holds about 50,- 
000 times more zinc than is theoretically necessary for the 
amount of gold in the box at any one time; but one merely 
runs the solution through continuously until the zinc has com- 
pleted its function and is replaced by fresh zinc, there being 
practically no precipitation-limit, as with charcoal. It would 
appear, therefore, that with such results before him, Professor 
Christy goes out of his way to assume the necessity of the 
presence of free cyanide of potassium. 

Recent investigations go to prove that etfective precipitation 
is to a considerable extent a question of time of contact; that 
solutions from which free KOy is absent require longer con- 
tact; and that this may be due to the fact that a zinc-gold 
couple is more energetic in KCy solutions than in solutions of 
KHO or KAuCyg. This would also explain the greater difficulty 
of starting the g)redpitation when using very dilute or KCy-free 
solutions, a zinc-lead couple being almost inei't in dilute KHO 
solutions ; whereas, when once the zinc-gold couple is formed, 
the action xirocecds satisfactorily. In practice this difficulty is 
seldom encountered excejit when starting a new plant, and may 
be easily overcome by adding a little free KCy to the boxes at 
the outset. 

Professor Christy objects to certain equations suggested by 
the writer, on the ground that they bring one back to the point 
one wished to avoid, and, secondly, that they ‘^fail to explain 
the increase of free alkali which everyone recognizes as taking 
X)lacc in the zinc-boxes.” To deal with the latter point first: 
In some zinc-box experiments recently carried out by the writer, 
the amount of alkali present was carefully determined before 
and after the contact with zinc, with the following results: 


(а) Two-day test, samples taken every twelve hours. 

Alkalinity (by litmus), .... . . 

“ (by phenol pthalein) less the difference 
from litmus-test, 

(б) Two-day test, as above ; 

Alkalinity (litmus), 

** (phenoL) 


Before. After. 

Per cent. Per cent. 

0.13 0.11 

0.01 0.006 

0.22 0.21 

0.016 0.014 
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Before After 
Per cent Per cent. 

0.168 0.16 
0.02 0 019 

0.168 0.15 

0.011 0.01 

THs solution contained, practically no free cyanide of potas- 
sium, but double cyanide of zinc and potassium was present to 
the extent of 0.76 per cent. Professor Christy might give some 
figures in support of his contention as to increased alkalinity, 
as the above solution or its results may be abnormal. 

As to the equations given by the writer bringing one back 
to 2KAuCy2 -f Zn = 2Au + ZnK 2 Cy 4 , Professor Christy even 
thus fails to show any consumption of free potassium cyanide, 
which was the point the writer started to avoid ; but Professor 
Christy only arrives at this point by making 

(c) 2KCy -t- 2HCy + K^ZnO, = ZnK,Cy, + 2KHO 

into a universal reaction instead of a limited one “ to a certain 
extent,” as suggested by the writer, it being obvious that in the 
presence of free EHO, expressly stated to be present, the fol- 
lowing reaction would occur : 

HCy + EHO = KCy -b H^O 

with regeneration of the ECy, as stated. 

In conclusion one cannot but express the hope that Professor 
Christy may be induced to favor the Institute with a further 
account of his valuable research on this subject. 

[Later Commimication .) — Since sending the above remarks to 
the Secretary, I have discovered, by means of experiments in- 
volving the crystallizing out of the product from saturated aque- 
ous solutions, that zincate of potash, in the presence of excess of 
cyanide of potassium, may form double cyanide of zinc and po- 
tassium, as stated by Professor Christy. It does not, however, 
follow that the. cyanogen is thereby rendered ineffective for gold- 
extraction, as Professor Christy would infer. On the contrary, 
double cyanide of zinc and potassium, in the presence of caustic 
potash, has a very decided action on gold ; and, in fact, the bo- 


(c) Three day test : 
Alkalinity (litmus), 

(phenol.) 

[d) Six -day test : 
Alkalinity (litmus), 

(phenol.) 
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havior of this suhstance in other ways is so similar to that of 
free cyanide that it is practically impossible to estimate either 
of these substances correctly in the presence of the other. The 
reaction is apparently similar to that occurring with simple 
cyanide. 

K,ZnCy, + 2Au + 2X110 + O = 2KAuCy, + K,ZnO, + H,0. 

Francis L. Bosqui, Bodie, Cal. (communication to the Sec- 
retary) : Ever since the cyanide process was found to be an effi- 
cient means of gold-extraction, efforts have been made to sup- 
plant the original zinc-precipitation method by something 
“ cheaper,” “ more thorough ” and “ less inconvenient,” in 
practice. Grave objections have been urged against this mode 
of precipitation by nearly all writers on the subject, and very re- 
cently by Professor Christy, in his excellent paper on “ The 
Solution and Precipitation of the Cyanide of Gold.” 

The readers of that paper -will be chiefly interested in the 
author’s account of his own method of precipitating gold by 
means of cuprous salts, and in the procedure which he suggests 
for the recovery of cyanide from strong solutions. While the 
discovery of this method is unquestionably a very great advance 
in the chemistry of the cyanide process, it cannot, in all cases, 
ho assumed to possess the practical advantages over the filiform- 
zinc and electrolytic methods, which the author claims for it. 

Professor Christy’s four main objections to zinc-precipitation 
are all, with one exception, unqualified. He dismisses the first 
three as having “been sufficientlj^ emphasized by everyone who 
has described the practical application of the cyanide process.” 
The fourth ho qualifies thus : “ 4. The failure, in certain cases, 
to precipitate the gold.” It may be safely inferred here, I 
think, that Professor Christy means his first three objections to 
be taken as universal. 

It will bo of some importance to those interested in the prac- 
tical development of the process to know that these objections 
are not universally tenable ; and that notably in cyanide-practice 
at Bodie, California, a pretty exhaustive experience of two 
years almost completely refutes them. 

At Bodie the cyanide-process has been very successfully 
operated for two seasons of about eight months each. During 
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the suiamer and fall there are five plants in actual operation, 
whose capacities range from 900 to 4000 tons per month ; the 
total capacity of all the plants in the camp being about 11,500 
tons per month. These plants are operated on the same general 
principle, zinc-precipitation being used in all. 

The tailings are derived from new accumulations impounded 
as they run from the mill-batteries, and from old isolated beds 
in the neighborhood of the town, which have been spared by 
spring freshets in the long mining history of the camp. 

ISTo attempt has been made to keep a record of cost of treat- 
ment in all these plants. But such a record has been kept on 
a total run of 62,665 tons; and to this I shall refer in attempt- 
ing to show that we have not been embarrassed to any extent in 
Bodie by the disadvantages Avhich Professor Christy claims 
for the zinc-precipitation method. I assume, of course, that all 
the tailings in Bodie are of about the same general character as 
those of which a record of treatment has been preserved, and 
that approximately the same results have been obtained from 
all. 

I shall take up Professor Christy’s objections in the order in 
which they appear in his paper. 

“ 1. The great consurngtion of zinc compared with the amount of 
gold precipitated.” 

The record of zinc used at Bodie in the treatment of 52,665 
tons of tailings indicates a consumption of 0.22 pound per ton, 
at a cost of about 3 cents per ton ; assuming the price of sheet- 
zinc laid down in Bodie to be 9.3 cents per pound, and the cost 
of cutting it about 4 cents per pound. To be more pertinent, 
there is a consumption of 1.39 pounds of zinc, at a Coat of 18.4 
cents, per ounce of gold recovered. Theoretically, this con- 
sumption is enormous, for it should require only about one 
pound of zinc to precipitate six pounds of gold ; but economi- 
cally it is very small, since it means a cost of only 3 cents to the 
ton of tailings. 

“ 2. The great destruction of potassium cyanide to no us(ful pur- 
pose." 

It has been often contended that zinc-precipitation calls for 
the use of stronger solutions than might otherwise bo resorted 
to. Professor Christy stoutly claims for his, and for the elec- 
trolytic method, the one paramount advantage that they admit 
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of the use of very dilute solutions of potassium cyanide. At 
Bodie, exhaustive experimental tests were made by Mr. 0. W, 
Merrill to determine the proper strength for a cyanide solution, 
Le. with respect to its extracting power on Bodie tailings ; and 
the conclusion was reached that a solution containing less than 
0.1 per cent, cyanide was not so available as a stronger one. 
The fact then that solutions containing less than 0.2 per cent, 
cyanide were found unavailable for the best extraction in Bodie, 
would nullify the chief advantage claimed for both the newer 
methods of precipitation, at least so far as this particular camp 
is concerned. 

We know that, theoretically, there is a consumption of cyan- 
ide during precipitation, that is, during the flow of solution 
through the zinc-boxes. Some writers have laid particular 
stress upon this, as being one great source of cyanide-consump- 
tion. I have often tried to determine just what this consump- 
tion is, by making comparative titration-tests on a solution flow- 
ing into, and a solution flowing from, the same zinc-box. I have 
made those tests very frequently and carefully, but have never 
found the slightest difference in quantity between the cyanide 
present in an ingoing solution, and that present in an outgoing 
solution, from the same zinc-box; the two samples being taken 
at the proper interval of time. I am aware that the reliability 
of the silver-nitrate test, as a delicate method of determining 
the amount of cyanide present in a given solution, has been 
called into question. But even assuming that the jpreseuee of 
zinc in tlie solution docs vitiate the test to a certain extent, it is 
hardly probable tliat the amount of zinc accumulated during 
a single flow through a zinc-box would be sufficient to destroy 
the validity of a comparative test In fact, the quantity of zinc 
present in 80 tons of strong solution, determined quantitatively 
at the end of one of our first season’s runs, was so infinitesimal 
as to preclude any such conclusion. 

There is still another reason for supposing a comparative sil- 
ver-nitrate test on ingoing and outgoing solutions to be reliable, 
namely, the remarkable coincidence that in each case the w^ell- 
kiiown precipitate came down at precisely the same point in 
the two test-tubes. In other words, the density of the precipi- 
tate was exactly the same in the two tubes, when a common 
point was reached on the burette. This would hardly occur 
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with such inrariable precision if the test on outgoing solution 
weve really vitiated by the presence of zinc accumulated during 
a single flow through a box. 

The silver-nitrate test is a very simple and serviceable one, 
and, so far as I know, has been generally retained in practice. 
Even if it be, in the long run, somewhat vitiated by the pres- 
ence of zinc in the solutions, it still indicates what might be 
called a dissolving-strength, and is, therefore, for all practical 
purposes, efiicient. 

The amount of cyanide present in our strong-solution sumps 
averages from 0.14 to 0.16 per cent. As there is no perceptible 
consumption of cyanide in the zinc-boxes, it is safe to assume 
that this deterioration of strong solution is due to the action of 

cyanicides ” during leaching, and to its dilution by the original 
moisture in the tailings and by the final wash-water. 

All solutions containing more than 0.1 per cent, of KOy arc 
run directly into a strong-gold-tank those containing less, 
into a weak-gold-tank."’ The excess of this weaker solution 
over and above what is used in the preliminary leaching is run 
through a series of waste zinc-boxes,^’ and then to waste. 
This waste solution averages in strength about 0.05 per cent. 
KCy. There are approximately 14 tons of it run to wawSte in 
24 hours. This may look like an enormous consumihion of 
cyanide, but the system, on close examination, will bo seen to 
have one great advantage. It prevents an excessive and un- 
wieldy accumulation of strong solution, while the amount of 
cyanide in the waste is really small, in comparison with wliat 
would be required to raise it all to standard strengtb. This 
accumulation of weak solution is unavoidable where there is 
an abundance of water available for wash-water, and wliere 
practically all the cyanide-solution in a vat of tailings is dis- 
placed before sluicing. 

The consumption of cyanide at Bodie on a total run of 52,- 
665 tons of tailings was 0.41 pound per ton ; on the first 41,730 
tons it was 0.38 pound per ton. The latter figures reproBent a 
treatment of 78 tons per day for 585 days. From tlicBC data 
we might indicate approximately Just what the consumption of 
cyanide is in each stage of the process. On a daily treatment 
of 78 tons the consumption was 30 pounds. The loss of cya- 
nide in spent solution (assuming that 14 tons per day go to 
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waste, containing 0.05 per cent, of KOy) is about 14 pounds. 
This leaves 16 pounds per day still to be accounted for. It 
was ascertained by tests made in percolators on average samples 
of tailings treated, that the loss of cyanide in actual leaching 
is about 0.2 pound per ton, or 15.6 pounds per day. This 
leaves a balance of 0.4 pound per day, or 0.005 pound per ton, 
which we may assume as the loss of cyanide during precipita- 
tion, a very insignificant amount. 

These results are summarized as follows : 


P^r day, lbs Per ton, lbs. 

Consumption of KCy in spent solution, . . 14.0 0.179 

Consumption during actual leaching, . . 15,6 0.2 

Probable consumption in zinc-boxes, . . 0.4 0.005 

Total consumption of KCy, .... 30.0 0 384 


Of our success in precipitating gold from weak solutions I 
shall speak in its proper place. 

“ 3. The great difficidtg of removing zinc and cyanogen residues 
from the gold, thus causing loss in melting, and the production of an 
unclean bullion.” 

I will admit that this was a great difficulty with us at first, 
and one which, for a time, seemed insurmountable. It was 
necessary to devise some meaus of separating the zinc-sulphate 
residues from the gold-slimes, after the regular treatment with 
sulphuric acid. V arious forms of filter were tried. A perfo- 
rated false bottom of wood, packed with sand, was discarded 
after several trials, on account of the impermeability of the 
layer of slimes which formed on top of the sand. A filter of 
asbestos cloth was resorted to, but was likewise discarded. It 
not only proved to be an imperfect filter, hut was found com- 
j)letoly disintegrated after the subsidence of the action of the 
acid, a result probably due to the mechanical untwisting of its 
fibers during the reduction of the zinc. "W"e were obliged at 
this time to use a succession of washes, in order to dilute and 
gradually eliminate the zinc-sulphate — allowing the slimes to 
settle completely each time. This method, however, was slow 
and laborious. A Johnson filter-press was next introduced.' 
It seemed to act fairly well on the slimes before acid treatment, 
but after the destruction of the zinc the gold precipitate appa 
rcntly became too finely divided to admit of filtration. A film 
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of not more than ^-ineh in thickness on the canvas disks of the 
press seemed to offer a very complete obstacle to the passage 
of the clear liquid. The pressure against the disks would run 
up to over 100 pounds ; the press would then have to be opened 
and the disks scraped. This method was found too tedious, 
and was finally abandoned. 

After many discouraging failures, the following modus ope- 
rw'idi was adopted, and has since been followed with peifect 
success : 

The slimes and fine zinc are discharged directly from the 
zinc-boxes into a redwood vat, 6 feet in diameter and 2 teet 
deep. This vat is protected on the inside by several coats of 
paraffine paint, has a slight bottom incline tor drainage, and is 
proffided with a 2-iuch discharge-valve. Here the slimes are 
treated with sulphuric acid. After the destruction of the zinc, 
the zinc-sulphate and the slight excess of acid present arc 
diluted by filling the vat with warm water. TV^ithiu an hour 
the bulk of the precipitate will have settled to the bottom. 
The supernatant liquor, to the amount of aboxit 400 gallons, 
which still contains a small amount of gold-slimes in sus])cu- 
sion, is then siphoned off into a lO-ton settling-vat. 

The gold-slimes are treated with a succession of these waslics, 
the supernatant liquor being each time drawn off into the sot> 
tling-vat until the amount of zinc-sulphate remaining in the 
slimes is insignificant. The liquor siphoned off into the set- 
tling-vat, which contains only a very small quantity of slimes 
in proportion to the total quantity obtained, is left to settle be- 
tween clean-ups. The clear liquor is drawn off just Ixdbrc a 
succeeding clean-up,, and at long intervals the precipitate is 
gathered from the bottom and melted. 

The bulk of the slimes is finally discharged from the acid- 
vat into a filter-box. This box is provided, about a foot from 
the top, with a perforated partition, which is closoly covered 
with two thicknesses of ordinary mill-blanketing. From the 
compartment beneath this filter the air is withdiTiwii by means 
of a steam ejector, and the water is tlms removed from the 
slimes by suction. At the bottom of the box is a one-inch dis- 
charge- valve for drawing oft‘the accumulated clear liquid. By 
occasionally scraping the filter-blankets the passage of %vater 
through them is greatly facilitated. These blankets arc re- 
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moved and washed after each clean-np, and clean ones are sub- 
stituted. The partially dried slimes from the blankets are then 
completely dried over a furnace and melted in crucibles. The 
zinc-residues being thus pretty thoroughly removed from the 
slimes, the ditiieulties in melting are reduced to a minimum. 

Professor Christy lays some stress upon the losses in melting. 
There is sure to be some loss from dusting/^ especially where 
there is a high draft in the furnace-flues, and where the pots 
are carelessly charged with the dried slimes. 

For some time a considerable value went into the slag, which 
had to be shipped to the smelting-works ; but after a good deal 
of experimentation, a very suitable flux has been found, wdiich 
reduces the slag-value to almost nothing. A dust-chamber has 
been constructed in connection with the melting-furnace, and 
an effective damper introduced in the course of the flue. The 
latter is closed at each charging of the crucible, and dusting ” 
is thus almost entirely avoided. 

Our loss in melting has never been more than barely appre- 
ciable; and now^, since the introduction of a dust-chamber and 
damper, is wholly insignificant. The wonderfully close corres- 
pondence between our actual bullion-yield and the extraction 
indicated by careful assays of charged and discharged tailings 
would in itself weaken the suppositioii of any considerable loss 
in melting. To be sure, our bullion is low-grade, but we sufier 
no inconvenience from this except the small increase in cost of 
transportation and refining in proportion to the value of the 
bars. 

4. The failure, m certain cases, to preevpitate the goldT 

Professor Christy probably alludes hero, more particularly, 
to the difficulty in precipitating gold from a weak cyanide so- 
lution. He says that in the case of zinc-shavings it is practi- 
cally impossible to precipitate the gold from such a solution 
unless it contains one- or two-tenths per cent, of free cyanide 
of potassium. 

In Bodio practice it has been found perfectly practicable to 
precipitate gold completely from solutions containing as little 
as 0.05 per cent, of cyanide. Our weak solutions are run 
through a series of zinc-boxes, of ten compartments each, before 
going to waste. Each compartment has a capacity of about 
8 pounds of zinc-shavings. The solution, after passing thx'ough 
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al)Otit 160 pounds of zinc-shavings, is found to he practically 
free from gold ; repeated assays indicating merely a trace. 

At the Victor plant, of 50 tons per day capacity, considerable 
difficulty was experienced in precipitating gold from weak so- 
lutions ; but by the addition of a third box, making an aggre- 
gate of thirty compartments, the trouble was corrected, and 
most satisfactory precipitation was obtained. 

The following table of assays made at random on solution- 
samples from various zinc-boxes at different intervals in the 
season’s run indicates a high percentage of precipitation in both 
strong- and weak-solution boxes. These results were obtained 
by evaporating 250 c.c. (about 8 assay-tons) of the solution in 
each case, and assaying the residues. 



Strong or Weak. 

Value of the Ingoing 
Solution per Ton. 

Value of the Outgoing 
Solution feu Ton. 

An. 

Ag. 

Total. 

Au. 

Ag. 

Total. 

1 

Strong (0 14 to 0.16 per cent.).. 

14.24 

f.45 

$4.69 

$.05 

$.02 

$.07 

2 

a ^ ^ cc a ii 

4.39 

.43 

4.82 

.10 

.03 

.13 

3 

<( u (( a 

4.03 

.44 

4.47 

Trace. 



4 

(( iC li it 

4.13 

.46 

4.59 

Trace. 




5 

(t U CC iC 

3.32 

.38 

3.70 

.10 

.06 

.16 

6 

ee li ii ii J 

3.05 

.39 

3.44 

.26 

.07 

.33 

7 

Weak (0.04 to 0.07 per cent.).. 

1.24 

.14 

1.3S 

Trace. 



S 

1 ii li it it 

2.90 

.45 

3.35 

.07 ; 

.07 

.14 


ii it li ii 

3.82 i 

.57 1 

4.39 1 

.25 1 

.07 

.32 

no 

it ii it a 

4.13 

.64 

4.77 

.21 

.08 

.21) 

*11 

, li a it ii 

1.14 ^ 

.16 I 

1.30 

Trace. 



n2 

j a a it a 

.52 

.15 

.67 , 

i 

Trace. 




The method which Professor Christy suggests for rc('overing 
cyanide from solutions by means of sulphate of zinc might Iks 
very satisfactorily applied to spent solutions containing only a 
trace of gold. The virtual absence of gold from this waste so- 
lution might greatly simplify such a method of gold-recovery. 


^ We have occasionally been puzzled by the appearance in our zinc-boxes of 
a yellow, aluminous (?) precipitate, which seems to be thrown down in the gold- 
tanks as soon as the solution leaves the vats. Whenever this accumulates to any 
extent it interferes somewhat with precipitation. Assays Nos. i) and 10 were 
made on solutions taken from a box containing a considerable amount of thivS 
aluminous slime. The slightly lower percentage of precipitation is apparent. 
The two following assays (Nos. 11 and 12) were made on a low-grade Bolution 
'flowing through the same box, after a complete elimination of the aluminons ma- 
terial, and indicate a normal precipitation. 
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I do not wish to be aiiderstood as condemning the objections 
which Professor Christy urges against zinc-precipitation. I am 
aware that in many cases this method has been found an im- 
perfect and expensive one. I simply wish to call the attention 
of those interested in the cyanide process to one very pro- 
nounced exception to Professor Christy’s statements, namely, 
the conditions which obtain in our Bodie practice. 

George A. Packard, Butte, Mont, (communication to the Sec- 
retary) : I see by the Engineering and Mining Journal of Aug. 22, 
1896, that a patent has been taken out in England for the use of 
a solution of hydrogen peroxide to furnish oxygen in dissolving 
gold by cyanide. Early in 1895, after Maclaurin published the 
results of his investigations (Jour. Chem. Soc.^ Eeb., 1895), I 
made a number of laboratory-experiments with cyanide, using 
difterent oxidizing agents, among them hydrogen peroxide, but, 
with the ore I was then working on, found no material advan- 
tages resulting from the use of any of them, beyond a slignt 
decrease in the time required to make the extraction. 

Later, with another ore, I made two 60-ton tests. With the 
first 60 tons I used 25 tons of a 0.15-per-cent, cyanide-solution, 
containing 8.5 pounds of a 15-volume” hydrogen-peroxide 
solution. With the second 60 tons I used a cyanide-solution 
of the same strength without other chemicals. The results ob- 
tained at the end of 44 hours were as follows : 


Witli peroxide, 
^‘Straight cyanide,” 



Ore 

Tails 


assay. 

assay. 

. 

14.80 

$2.25 


4.40 

2.30 


Cyanide 

Percentafye con&iimed, 
extracted. pounds. 

53.1 51 

47.7 42.5 


Tho amount of peroxide used was all that was obtainable 
from local druggists and should furnish about 2.9 ounces of 
oxygen. The amount of gold present in the 60 tons should re- 
quire, according to the equation, 


4KCy -f- 2Au -h O H^O = 2 KAuCy 2 4- 2KOH, 


0.67 ounce of oxygen and 9.52 ounces of cyanide. 

Theoretically, there was an excess of over 2 ounces of oxygen 
in tho peroxide, not considering the oxygen dissolved (as air) in 
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the 25 tons of cyanide-solution used, besides that held in the 
porous mass of ore. Figuring, however, from the amount of 
cyanide actually consumed (51 pounds), the amount of hydro- 
gen peroxide necessary, if it was to furnish all the oxygen (3.1o 
pounds) required by the equation, would be 146.9 pounds of 
the ordinary '^15-volume'' solution. 

Apropos of the use of oxidizing agents in cyaniding, I give 
below the results of three comparative 6-ton tests, using sodium 
dioxide, “ straight cyanide,’’ and cyanogen bromide. This ore 
was not suited to cyaniding, as it contained a considerable quan- 
tity of free gold; but the experiments serve to show very well 
the difference in results obtained by these methods. 

Three tanks were filled simultaneously, a car (800 pounds) of 
ore being dumped into N^o. 1, the next car into ISTo. 2, the third 
into hTo. 3, the fourth into No. 1, etc., thus securing as nearly 
as possible the same material in each tank. The cyanogen bro- 
mide was made at the mill by adding a dilute solution of bro- 
mine to a dilute cyanide solution. The ore assayed 0.33 ounce 
of gold per ton. 


Assays^ in Ounces of Gold 'per Ihi, 



After 

After 

After 


20 hours. 

40 hours. 

CO hours. 

No. 1, Using sodium dioxide, 

0.25 

0.20 

0.20 

No. 2, Using ‘‘ straight cyanide,*’ . 

0.33 

0.31 

0.21 

No. 3, Using cyanogen bromide, . 

0.32 

0.24 

0.21 


The Microstructure of Steel and the Current Theories of 

Hardening. 

Discussion of the paper of Mr. Albert Sauveur. (See vol. xxvi., page 86JI) 
(Chicago Meeting, February, 1807.) 

Pkoe. a. Ledebxjk, Preiberg, Saxony :* Mr. Sanveur Iuih pre- 
sented and enriched with original observations a valuable suni- 
mary of the theories advanced hitherto concerning the harden- 
ing of steel ; but in one particular, it seems to me, his statements 
call for correction. He says : 


* Translated by the Secretary. 
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^^The carbon-theory is somewhat crude and incomplete, attributing, in a vague 
manner, the hardening of steel to the existence at a high temperature of carbon in 

a hard state and to its retention by sudden cooling What this hardening 

state of the carbon really was, has never been satisfactorily shown Is it 

not difficult to understand how, say, 0.50 per cent, of carbon, be it as hard* as 
it may, distributed throughout 09.50 per cent, of a matrix of soft iron, can pro- 
duce the glass-like hardness of steel of this composition when suddenly cooled above 
the critical range V ’ 

I have been always an advocate of the carbon-theory, and 
have read all the important publications on the subject, and I 
do not believe that any scientific metallurgist has stated that 
theory in the way in which it is here presented. A fairer state- 
ment would be the following : 

In liquid steel, and in steel heated above the critical temper- 
ature, the carbon is dissolved like the salt in liquid or frozen 
sea-water, or like tin in the copper of bronze. If the steel be 
rapidly cooled below that temperature, the greater part of the 
carbon remains simply dissolved, and it is then called harden- 
ing carbon, because it increases the hardness of the steel the 
more, the larger the quantity of such carbon present. Yet no 
one would assert that it is present in a peculiar condition — a 

hard state,” Mr. Sauveur calls this iron, which contains car- 
bon in simple solution, martensite. 

But if the steel be cooled slowly, there results a decomposi- 
tion {Zerfallen) of the iron-carbon solution (alloy), which is the 
more complete the slower the process of cooling. Accompa- 
nied with the liberation of heat, there is formed the carbide 
FCj^O, called cemcntite by Mr. Sauveur, which traverses in a 
network the general mass. The latter becomes poorer in car- 
bon, and hence softer, the more of its carbon has been consumed 
in the formation of the carbide. The carbide is hard, and, 
therefore, the hardness, even of annealed steel, increases with 
its total contents of carbon ; but since the carbide, as a separate 
body, is distributed through the general mass, it cannot in- 
crease the hardness of a whole piece of steel in the same 
degree as if its carbon had remained uniformly dissolved in 
the mass. 

. This theory, which rests upon the investigations of Rinman, 
Akerman, Miiller, Abel, Osmond and others, I have developed 
more in detail in various publications, and in my Handhuch der 
MsefihUttenkunde, and have sought to establish it by chemical 
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analyses, I still liolcl it to be the one best fitted to explain the 
process of hardening, but I do not deny that, besides that most 
important process, the formation of the carbide undei slow 
cooling, and its decomposition under heating above 700 C., 

other and subordinate processes are possible, to which may be 
ascribed the various formations really or apparently obsmwed 
by microscopists. The microscopic study of the metals is highly 
fascinating, but it may easily mislead the student into unfounded 
theories unless he is able to segregate and examine separately 
the bodies which he believes himself to have detected. For 
this reason I am not yet able to accord to that method of inves- 
tigation as much weight as do many of my colleagues, although 
I am far from denying that its further development is highly 
desirable, and that every step in that direction should be cor- 
dially recognized. 

E. A. Hadfield, Sheffield, Eng. : I regret that pressure of 
ordinary business prevents my being able to offer a more lengthy 
contribution to the discussion on Mr. Sauveur’s very able paper. 
If some of those supporting the allotropic theory would follow 
more upon the excellent lines of Mr. Sauveur, there would bo 
much time saved to both sides in this controversy. lie lias ap- 
proached the further consideration of this important siibjcc*f 
with an exceedingly fair and open mind, notwithstanding the 
somewhat strong views he expressed a short time ago in a joint 
paper. I may be pardoned for saying hero that, as it appears 
to me, joint papers are often not a very wise method ol* bringing 
forward conclusions in matters where there must often ncu^es- 
sarily be wide divergences of opinion between two investigatons, 
owing to the different lines upon which they work. For a 
record of work done, a joint paper may be very useful, but when 
theories are concerned it seems to mo unwdse for one investi- 
gator to attempt to view things in the same liglitas his ]>artner. 
It is, therefore, with special satisfaction that I find Mr. Sauveur 
taking up his own position unbiassed and independent of any 
other investigator or investigation. I cannot hut think that; ho 
has done wisely in emphasizing the one /ad which, to me, seems 
to subvert entirely the allotropic theory. As it happens to re- 
late to a material upon which I have been working for a number 
of years, I can entirely confirm his statement, because it agrees 
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with the facts observed, and because it seems a fair ground upon 
which to oppose a theory like that put forward by the allo- 
tropists, which is entirely speculative, and in support of which 
no actual facts have been presented. The work done by allo- 
tropists entitles them to the highest respect; and that it will 
be, in fact has been already, of the greatest service to metal- 
lurgists, is not only willingty but gratefully granted. But, all 
the same, not a single fact has been adduced as proving that 
theory, whereas, on the other hand, the chemical theory, that 
is, the theory of definite combinations of carbides of iron, 
while necessarily obscure by reason of the complex questions 
involved and the still imperfect state of chemical research in 
this matter, is supported by facts of the greatest importance 
which cannot be set aside. Workers like Ledebur, Stead, Ben- 
neville, Spencer, Hogg, Arnold and many others, who have 
been studying this complex question for a considerable number 
of years, and who, owing to the facts discovered, notwithstand- 
ing the theories of the allotropists, have ever kept on the even 
tenor of their way, cannot be set aside. 

Therefore, when an alloy like manganese-steel appears to 
confirm in every way by its behavior both the facts and the 
theories of those supporting the chemical explanation of the 
hardening of steel, it should prove a doubly strong confirma- 
tion. Manganese-steel, according to the allotropie theories, is 
hard and non-magnetic, owing to the presence of Beta iron ; 
whereas it is quite possible, without diminishing the hardness, 
to give to manganese-steel a considerable magnetic quality. 
Therefore, manganese-steel is clearly not a proof of the exist- 
ence oi‘ Beta iron. Again, hardened carbon-steel is exceedingly 
magnetic ; and yet, by the theory, the hard iron present should 
ho in the Beta form, and, therefore, non-magnetic, which is not 
the case. Both these cases conflict so entirely with the allo- 
tropie theory that, to the writer, it seems useless to consider 
the latter until its supporters show that these facts can be ex- 
plained in accordance with their claims. 

There is also another iron-alloy which contradicts the allo- 
tropiats’ Btateinent, namely, an iron-niekel alloy containing about 
25 per cent, of nickel. Many scientific investigators l^ave very 
carefully examined this product, especially Dr. J. Hopkinson, 
F.R.S., of London. lie has read numerous papers before the 
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Royal Society, the Electrical Society and others showing the 
peculiar reversible properties of this material as regards mag- 
netic qualities. In other words, according to the heat-treatment 
it receives, it is magnetic or non-magnetic at will. Now, when 
it is in the non-magnetic condition, according to the allotropic 
theory, the iron should exist in the hard or Beta form ; hut, as 
a matter of fact, the alloy is equally soft, and can he readily 
machined in either condition. It is, therefore, very clear that 
the allotropic theory entirely fails to explain the peculiarities 
noticed, and, therefore, must fall to the ground as offering a 
solution of this important subject. 

For my own part, I support the carbonist ’’ theory, not as 
an entire solution of our difficulty, hut, first, as showing most 
clearly that the allotropic theory is incorrect, and, secondly, 
that, whilst necessarily imperfect, it finds such support in the 
results obtained by the reliable workers I have named, to whom 
must now be added Mr. Sauveur, as to leave no doubt that it 
is in this direction we must look for a final solution. 

As a carbonist” I would like to qualify the remarks of Mr. 
Sauveur (page 902) that we claim that it is carbon in a hard- 
ening state ” which offers our explanation. That it is cairbou 
in some particular form or combination I willingly admit; but 
the exact nature of the combination is still not absolutely de- 
fined, though workers like those above quoted, are bringing 
the explanation nearer every day, whilst allotropists have not a 
single further theory to advance beyond those put forward sev- 
eral years ago. As regards the facts against them, ea(*h year 
shows some new and more fatal objection to their position. 

I trust that one outcome of this year’s discussion on this 
matter will be that the allotropists being asked to c^xplain, or 
admit that they have no explanation, why, in the two alloys 
above mentioned, namely, manganese-steel and SS-per-cent. 
nickel-steel, in the first instance, manganese-stool may l)tH‘oinc 
magnetic without losing its hardness, and, in the second case, 
nickel-steel, a soft material, can become non-magnetic, without 
losing its softness? Both these results are entirely o])i)osed to 
the allotropic theory. I welcome Mr. Sauveur’s papm* as being 
by far the most unbiassed treatise on the subject, and as sum- 
ming up the position in a way which should bring this contro- 
versy to a point where facts, not mere theories, are required. 
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Ralph G. Scott, Monk Bridge Iron Works, Leeds, Eng. : I 
should like some further light on the statement made on page 
888 of Mr. Sauveur’s able paper : 

Besume , — Each critical point is accompanied by a structural change which begins 
and ends with it. In the ranges of temperature where there is no critical point we 
find no change in the microstructural composition. 


'No^y^ comparing Fig. 1, page 866, with Fig. 5, page 887, we 
find in the first for a steel containing 0.21 per cent. C that Ar^ be- 
gins at 800° and ends at 750°, and, according to the statement 
just quoted, we should expect to find a change in the micro- 
structure during the cooling of such a steel from a temperature 
of 800° to 750°; but in Fig. 5 there is no such change indi- 
cated. There remains 100 per cent, of martensite through the 
whole range of 50°. 

The next critical point, Ar^, for steel of the same carbon-con- 
tents is shown as beginning at 740° and ending at 700°. Now, 
in Fig. 5 the change begins somewhere near the upper tem- 
perature; but at 700°, where it should (according to the re- 
sume) stop, it is in its most active stage and does not get a 
check until a temperature of 650° is reached. 

Referring again to Fig. 1, we have the lowest critical point, 
Ar, represented as beginning at 690° and ending about 640°, 
BO that the whole of the change from martensite to pearlyte 
should take place between 690° and 640°. Instead of this, we 
find in Fig. 5 that from 650° to 620° no change takes place, 
and that the martensite is not all converted into pearlyte till 
about 575°, or 65° below the range given in Fig. 1. 

I draw Mr. Sauveur’s attention to this disagreement in the 
two diagrams, so that if Fig. 1 is inaccurate it may be rectified, 
or if there is any peculiarity in the steel represented by Fig. 5 
he may kindly explain what it is. 

I do not think there is anything from a chemist’s point of 
view opposed to the suggestion of the author that the action of 
dilute acids upon FCgC when it is diffused and in a very fine 
state of subdivision may be very much more active than the 
action of the same acids upon plates or grains of the same sub- 
stance as it exists in pearlyte ; but I very much question whether 
a simple difference of arrangement of the particles of FegO, 
such as that diagrammatically illustrated on page 905, can at all 
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adequately account for the difierence in hardness between a 
piece of toohsteel quenched above Ar^ and the same piece an- 
nealed. 

Both the quenched and the annealed steel would seem, ac- 
cording to Plate L, Figs. 13 to 16, to contain about the same 
amount of structurally free cementite. 

The question of the absolute hardness of Fe^C is not gone 
into in the paper, and it seems to me a very important one. 
Cementite is spoken of as intensely hard,’’ extremely hard, 
and the hardest of the constituents of steel ; ” but no hint 
is given as to where it is to be placed in the ordinary miner- 
alogical scale of hardness. Is it as hard as corundum ? Or 
does it approach the hardness of the diamond? Still more 
important to my mind is the question as to whether it varies in 
hardness. If FcgC itself varies in hardness, it is useless to ex- 
plain the hardening of steel by a rearrangement of the Fe.jC it 
contains, unless we can also explain the cause of the variation 
in hardness of Fe^C. 

If FcjC is always of the same hardness, how is it that a steel 
containing 23 per cent. FegC (see Plate L, Fig. 16) besides the 
proportion contained in the pearlyte, can be cut easily by a 
steel such as that represented in Plate L, Fig. 11, containing 
only the proportion of FcgO diffused, as supposed, through the 
martensite ? 

There has been much controversy over the existence of two 
or three allotropic conditions of iron; and apparently the most 
apt illustration of allotropy that Prof. Roberts-Austen could 
give us last year at the Iron and Steel Institute meeting was the 
case of sulphur, a substance widely difierent from iron in evciry 
way; yet I have not seen any suggestion put forward that the 
hardening of steel may be due to an allotropic chaiig(^ in the 
carbon it contains. There is no doubt about the existence ot* 
several different allotropic conditions of carbon. One of these 
is the hardest substance known to us, namely, the diamond. 

Prof. Roberts- Austen has carbonized pure electro-iron by lion- 
tact with the diamond in vacuo at a temperature much below 
the melting-point of iron,* which he considers a clear case of 
solid diamond carbon being diffused in solid iron without the 
intermediary agency of any gas. 

^ Jour, Iron md Steel Imtj 1896, part i., p. 140. 
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M. Moissan lias lately told us* that he has obtained actual 
visible diamonds by suddenly cooling cast-iron saturated with 
carbon in molten lead or some other good conductor. 

It does not, therefore, seem to me unreasonable to suppose 
that by treating heated steel in a similar way we may be obtain- 
ing a similar result, either preserving some of the carbon in 
the allotropic condition in which it exists at the quenching- 
temperature or causing some of it to assume that condition 
during its quick passage through one or more of the critical 
ranges. 

It might be objected that, on dissolving such steel in acid, 
we should get a residue of diamond-dust, such as M. Moissan 
obtained from his cast-iron, which would be recognized by its 
hardness and other well-known qualities, but the same reason- 
ing applies here as that used in regard to FcgO. 'When nascent 
hydrogen comes in contact with carbon (no matter what its 
allotropic condition) so finely divided that it may almost be said 
to be in a nascent condition itself, it is quite conceivable that 
hydrocarbons are formed direct at ordinary temperatures. If 
the idea of a part of the carbon assuming the adamantine form 
during the quenching of steel is at all tenable, I should then 
look upon a cutting-edge of hardened tool-steel as formed very 
much on the principle of the diamond-drill, which consists of 
diamonds set in a matrix of softer material, the diamonds 
doing the cutting work, and the efficiency of the tool depend- 
ing upon the number and quality of the diamonds and the firm- 
ness of their setting. 

Prof. Henry C. Jenkins, South Kensington, Eng. : In pre- 
vious discussions upon this subject, the main point of the de- 
bate has usually been, whether the allotropic change of state 
of the iron has anything whatever to do with the peculiar phe- 
nomena seen in connection with the hardening and tempering 
of steel. Indeed, even the occurrence of such a change of state 
has been disputed. But the change is now generally admitted, 
and this change coincides so very closely with the temperature 
at which hardening occurs, and is so modified by it, that it is 
but reasonable to view the two phenomena as cause and effect 
unless good ground exists to the contrary. This is the position 

* Compies rcndas d&V Academic des Sciences^ vol. cxviii., p. 320. 
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of the allotropists who have taken so far, and still take, the 
position that explorers in a fresh field would occupy. ^ They do 
not insist, for the present, upon any particular chemical mech- 
anism as that by which hardening is brought about, but only 
on the view that it is due to allotropic change of state of the 
iron in the presence of carbon. It may well be that carbides 
of iron enter into the action of hardening and tempering; it 
has long been known that FcjC occurs in annealed steel, but 
what is claimed is that one of the properties of the iron, namely, 
its allotropic change of state, is of as much importance to the 
phenomena as is the carbon itself. 

Much of Mr. Sauveur’s objection to the allotropic theory 
must disappear when it is considered that the critical “ points 
are really zones that cover even wider ranges of temperature 
than can easily be followed on the cooling curves; our present 
means of measuring the progress of the respective changes 
being imperfect, while the valuable evidence of the microscope 
itself is only available after the metal has cooled. 

Mr. Sauveur has summed up iu a most satisfactory way the 
present state of our knowledge oft the facts of the case, and he 
must he complimented on the very plain way in which he has 
set these forth in diagrams and tables. But one can hardly 
follow the details of his suggestion that a diffused carbide is 
the cause of hardening; for if it be as finely dift'usod as he in- 
dicates, so as to he specially active in a chemical sense when 
attacked by acids, it must surely be a dissociated carbide, and 
in no way to he distinguished from the carbon that would bo 
recognized both by the allotropic and by tlio members of what 
he terms the “ old carbide ” school. 

Although he would (page 902) forget all the theories, yet 
he may fairly be asked how the structural changes tliut set up 
thermal disturbance in the solid mass can be any other tliau 
allotropic ones. But what is in a name ? The author ap])oarH 
to he so nearly an allotropist in every other way that the (lift 
ferences can scarcely be seen. 

Prop. J. 0. Abnold, Shefiield, Eng.: I have road Mr. Sau- 
veur’s paper with much interest, and cordially congratulate 
him upon the production of a memoir of great utility, not only 
in itself, but in the discussion to which it will give rise. Such 
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a paper could only be produced by an author having a thorough 
practical and theoretical acquaintance with the highly complex 
problem under consideration. Although I shall have to 
strongly oppose some of Mr. Sauveur's deductions (as to facts 
we seem practically to agree), nevertheless the tone of the 
paper is such that it is a pleasure to engage in controversy with 
an author -whose object is so palpably the attainment of sci- 
entific truth. 

Mr. Sauveur says that etching with very dilute nitric acid is 
unreliable, and has many other objections. As a matter of 
fact, the beautiful original series of Dr. Sorby and the large 
collection of micro-sections made during the last seven years at 
the Sheffield Technical School have all been prepared with very 
dilute nitric acid. I would suggest that the various methods 
of preparation may all be made to give good results, and that 
failure with any one of them may arise, not from the method, 
but from the manner in which it is applied. For instance, I 
have not found the iodine-method used by M. Osmond so satis- 
factory as my own; but it would not be just to declare on that 
account that M. Osmond’s process is unreliable. 

Mr. Sauveur reproaches me for not gracefully ” adopting 
the nomenclature proposed by Mr. Howe and M. Osmond to 
describe the various micro-constituents of steel. If any doubt 
existed as to the wisdohi of caution in this matter, Mr. Sau- 
VGur’s paper has finally removed such doubt. There is, I think,' 
no difierence of opinion as. to the soundness of the general idea 
that the constituents of steel should be distinguished by min- 
eralogical names, because it is now generally admitted that steel 
must be regarded as an artificial igneous rock. 

Mr. Howe’s names : ferrite ” (for Dr. Sorby’s iron ”) and 
‘^cemeutitc” (for Dr. Sorby’s “intensely hard constituent”) 
Boom admirable. The contraction of Dr. Sorby’s “ pearly con-, 
stitnent” to “pcarlyte” seems also quite free from objection^ 
when an agreement has been arrived at as to the distinguishing 
features of the constituent thus designated. It will not be nec- 
essary to produce before an association of applied scientists 
like the American Institute of Mining Engineers any argu- 
ment to prove the fact that steel microscopists can claim the 
attention of such a society to their work only on the ground of 
its practical utility in throwing light on the puzzling ecceii- 
voL. XXVII. — 56 
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tricities observed in the mechanical properties of steels of like 
chemical composition. It, therefore, follows that a micro-con- 
stituent should be distinguished so as to convey to engineers an 
idea of the mechanical properties associated with that con- 
stituent. 

How, Dr. Sorby’s name, “pearly constituent,” referred to 
areas containing distinct alternate laminae of iron and the in- 
tensely hard constituent, Fe^C. Such areas produce a play of 
color like mother-of-pearl in a manner analogous to the inter- 
ference-gratings of the physicists. If nearly pure iron con- 
taining about 0.9 per cent, of carbon be microscopically ex- 
amined under high powers in its ordinary condition, it will be 
found to consist of iron, throughout which are suspended small, 
irregular, ill-defined plates and granules of F egC, which present 
no interference-colors. If the FejC be galvanically isolated, it 
yields a gray powder. If a bar of such steel be tested in ten- 
sion, its maximum stress will be about 53 tons per square inch. 
Tinder compression-stress it will compress about 30 per cent, 
under a load of 100 tons per square inch. 

If, however, the same steel he thoroughly annealed, the maxi- 
mum stress in tension falls from 53 to 37 tons per square inch, 
and at 100 tons its compression is 41 instead of 30 per cent. 
The mierostructure of the annealed bar will consist of beauti- 
fully defined, alternate plates of iron and FcjC; the latter in 
difterent crystals, making well-defined angles, one group with 
the other. The prepared sample looks almost like a piece of 
mother-of-pearl. Upon galvanic isolation, the plates of Fti^O 
are obtained in bright spangles. Surely two constituents pre- 
senting different characters in every respect, except that of ul- 
timate chemical composition, deserve to be specifi(*ally distin- 
guished. The names, lamellar and granular pearlyte, do not 
seem to meet the ease, because pearlyte must be laminated to 
be “pearlyte” at all, otherwise the very finely-divided FcjC ob- 
tained from steels tempered below a red heat would bo also 
“ pearlyte,” which is absurd. The wise, and, indeed, the onli/juat, 
course is to call the dark granular areas of normal steels “ sorb- 
ite.” Then the carbide in fully-tempered steels becomes 
finely-divided sorbite, whilst clearly-laminated areas become 
fine or coarse “pearlyte.” Mr. Sauveur’s objection to distin- 
guishing between the carhouized areas of normal and annealed 
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steels becomes quite incomprebensible when the suggestion is 
made at the end of his paper that, after all, sub-carbide or 
martensite ’’ is only iron containing finely-divided FegC. To 
be consistent, why should this not also be pearlyte ? 

Coming to the name martensite,’^ it is somewhat difficult 
to admit the force of Mr. Sauveur’s appeal to priority when he 
has himself abandoned Mr. Howe’s name, hardenite.” It is 
evident that Mr. Sauveur appeals to priority only when con- 
venient, and on other occasions wisely bows to the force of eu- 
phony and embraces the sound principle embodied in the 
words, “ et auctorum plurimorumJ^ 

As to the suitability of the name “ martensite,” considered 
simply as a name, every steel-microscopist will endorse the 
graceful act of M. Osmond in thus commemorating the patient 
researches of a distinguished metallographist. But when, as in 
the case of pearlyte,” an endeavor is made to find out what 
martensite ” really means, the practical microscopical student 
turns away in despair. 

A mineral must have a typical formula in which, however, 
the predominant base may be capable of partial replacement by 
other bases. As a rule, it has also one or more characteristic 
crystalline forms of approximately specific hardness. Now Mr. 
Sauveur declares that if iron, containing from about 0.2 to 0.9 
per cent, of carbon, be quenched from, say, 1000^ C., the whole 
mass of metal then consists of martensite. But a steel con- 
taining 0.2 per cent, of carbon, treated as above, compresses 50 
per cent, under a stress of 100 tons per square inch, while a 
steel containing 0.9 per cent, of carbon, under the same stress, 
is incapable of compression. The 0.2 steel can be machined 
as readily as wrought-iron, while the 0.9 steel is almost as hard 
as diamond, 

Mr. Sauveur says also that, when etched, martensite is pale 
yellow to black in color. 

Ilencc the properties of martensite may be stated as follows : 
It is very soft and flint-hard ; it is pale yellow and dead black ; 
it readily flows under crushing-stress, but is incapable of com- 
pression. 

What docs Mr. Sauveur moan by diluted martensite ?” 
Such a term destroys the accuracy of his previous definition. 
The evidence extant points strongly to the following as the ac- 
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tual facts : Martensite, or sub-carbide of iron, Fe 24 C, can only 
constitute the whole mass of a steel when the iron, previous to 
hardening, contained 0.9 per cent, of carbon. This dehnition 
applies to pure iron and carbon-steel. ^ hen the carbide ot 
iron is replaced, to some extent, by carbide of manganese, 
tiing^sten, chromium, nickel, etc., the carbon saturation-point is 
considerably lowered, so that, in the case of iron containing 
about 1 per cent, of manganese, the hardened mass consists 
wholly of martensite (in this case a double lower carbide ot iron 
and manganese) when the carbon present is about 0.7 per cent. 

Ill uiiBatarated or low-carbon steel, at about 750° 0., the 
martensite and ferrite begin to dittuse one into the other, ibrni- 
inv either a solution of martensite in iron or an intimate miero- 

o 

mechanical mixture of the two constituents. 

The constituents, sorbite, troostite and austenite are not 
within the range of practical discussion, since no one but their 
sponsor seems to have been able to identify them. 

Mr. Saiiveiir does not see upon wdiat ground I concede to 
tlie sub-carbide the right to segregate into distinct areas, and 
deny the same power to dissolved carbon. My reasons are as 
follows, and seem to me conclusive ; Assume that a steel con- 
taining 0.3 per cent, of carbon is treated so that the dissolvx^d 
carbide is evenly ditiused throughout the mass. The steel is 
then quenched just above the point Afi. The areas of martens- 
ite and ferrite are distinct. — a fact most clearly sliown by Os- 
mond’s researches. If the carbon were really dissolved, as as- 
sumed, then it must be concluded that the dissolved moU‘- 
culea of carbon throw off two-thirds of the molecules of iroii 
in which they were dissolved, and concentrate tluanselves in 
separate areas into the remaining one-third of the iron. A 
segregation of iron and free, undissolvod earhoii would he a 
reasonable supposition; yet, so far as I know, grapiiitc or ttmi- 
per-carbon. is unknown in unsaturatod steels. Ihit, on <iisH<dv- 
ing the hardened mass in hydrochloric acad, ])raetieally the 
wdiole of the cai'bon is evolved as hydrocarl)Ou. Why so, if the 
carlion was free and in mere solution ? 

On the other hand, if it be assumed that, under the inllueueo 
of a higher temperature, the martensite and ferrite dilfusc infer 
se^ and that, as the temperature falls, like nioleenks Begr(‘gate to 
a series of centers, then the thermal phenomena are reasonably 
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explained, and the evolution of hydrocarbons by the acid is in 
accordance with well-known chemical laws. The statements 
made by Mr. Sauveur, that my determination showing that the 
maximum heat of recalescence is exhibited at 0.9 per cent. C., 
“is a natural sequence of the structure of the steel” — “has 
nothing whatever to do with Prof. Arnolchs theory ” — and “ does 
not point, even remotely, to the existence of his sub-carbide,” 
are certainly sweeping, but are, after all, merely opinions, un- 
supported by any evidence. What does Mr. Sauveur mean by 
the heat of ihestmctural change at Ar^ ? Every one except, as ap- 
pears, Mr. Sauveur, is satisfied that the heat evolved at A]\ is 
chemical. However, Mr. Sauveur’s error can be readily proved 
by practical experiment. The structural change in a carbon- 
manganese steel, containing, say, 0.25 per cent, of carbon and 
1 per cent, of manganese, does not visibly difter from that 
noted in iron containing only 0.25 per cent, of carbon. 

But the heat evolved at Arj from the metal containing man- 
ganese is much greater than that observed in the carbon-steel, 
simply because a now double carbide is formed between the ele- 
ments, possessing stronger chemical atfinities. In the same way 
a steel containing 2.5 per cent, of chromium and 0.5 of caihon 
will cause a pyrometric rise of 25° 0. The thermal portion of 
Mr. Sauveur’s paper is distinctly weak. His last few pages seem 
to have been written in a hurry. It is alleged that I have 
written the following sentence : “ The point marks the for- 
mation of a sub-carbide, while the point Ai\ is due to the com- 
bination of the elements to form the normal carbide Fe;,C.” 
Will Mr, Sauveur kindly locate this rpxotation? In connection 
with the hopeless confusion into which (pages 897 and 898) Mr. 
Kauv(uir has fallen in connection with reca]oscenee-formulas,wil] 
he also state his method for distinguishing A(\ and A?*^ in hard 
stcH^ls? Mr. i8auveur concludes this extraordinary paragraph 
with the following assertion: 

“ Prof. Arnold huH alwavH contended that the point Afy or Acy marks the forma- 
tion of the snb-carbide.” 

Tliifi idea nuiHt liavc boon evolved from the depth of his iiii- 
a^a;inat,ion; my actual enunciation being aa follows: “The 
heat evolved or ahsorhed at Arj is due. to a carhonization of the 
Buh-carbide, Foj^O to .FejO, or a reduction of to re- 

spectively.” 
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Mi\ Sauveur makes some remarks on the crystallization of 
iron, founding some of his statements on the following mis- 
quotation (page 899) : 

^^Prof. Arnold says that if steel crystallized at a higher temperature than 750° C. 
(A?’ 2 ), say at 900° C., it would imply that all irons quenched at a temperature 
lower than 900° 0. would then have their crystals elongated in the direction of the 
rolling.” 

My actual words were : “ M. Osmond states that iron crystal- 
lizes above 900° C. (the author gives the temperature at about 
Y50° 0.). Practical iron- and steel-rollers should understand 
that M. Osmond’s statement involves also an assertion that all 
iron leaving the rolls at a temperature below 900° C. (a full red 
heat) has the crystals distorted in a direction parallel to the slag- 
fibers.” 

As Mr. Sauveur does not give any experimental evidence in 
support of his various statements on the phenomenon of crys- 
tallization, it seems hardly worth while to go into the matter 
beyond remarking that the idea that iron heated, say to 1200° 
C., will on cooling, say to 1100° C., consist of large crystals, 
the size of which is preserved on quenching, is not likely to 
find many supporters. 

Mr. Sauveur’s theory that all the phenomena, physical, 
chemical and microscopical, are due merely to the variations in 
the state of division of the normal carbide, PojC, may he sup- 
ported by a few facts ; hut the hulk of the evidence is strongly 
against the accuracy of such a theory. For example, if flint- 
hard, quenched steel he fully tempered at, say 30° 0., the Fe,,C 
is in a very fine state of division ; but the steel is quite soft. 

If 110 molecular change has taken place, but only a finer di- 
vision of the carbide, why is the specific gravity of hardened 
steel loss than that of normal steel ? 

In conclusion, I would sincerely thank Mr. Sauveur for his 
paper, ami only venture to suggest that it would have been 
more valuable had the micro-drawings had refereneo to steels 
of specified composition. I also wish to call attention again to 
the great influence of manganese and silicon on the miero- 
structure of steel, and to the fact that planimeter measurements 
are only very rough guides to the cubic values of mie.ro-eou- 
stituents. 

Prof. Egberts- Austen, London, Eng. : Mr. Bauvonr’s paper 
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appears to me to be the most closely reasoned contribution 
hitherto furnished by those who view the allotropic theory of 
hardening steel with friendly neutrality, and seek further evi- 
dence in its favor before accepting it. An elaborate communi- 
cation relative to Mr. Sauveur’s paper has been kindly sent to 
me by my friend, M. Osmond,''" and, as I am entirely in accord 
with him, it would be useless for me, in this discussion, to 
cover again the ground he has been over so carefully. 

In Mr. Sauveur’s admirably impartial review of the various 
theories of hardening, there is only one sentence which I wish 
he had worded differently. He says (p. 893) : 

‘‘The allotropists had, however, to concede, at the outset, the all-important part 
which carbon takes in the hardening of steel.'' 

Mr. Sauveur’s words, had to concede,” suggest that he does 
not himself quite realize what an important part carbon plays 
in the allotropic theory. So far as the promulgation of M. 
Osmond’s theory in Great Britain is concerned, the starting- 
point was afforded by my British Association lecture (1889) on 
the “Hardening and Tempering of Steel,” in the course of 
which I insisted that “ the presence of carbon is essential to 
the hardening of steel.” The reluctance of the traditionally 
conservative British metallurgical world to accept the allotropic 
theory serves to show how thoroughly the importance of the 
question is understood; and if this were not the case I should 
feel that I had already wasted too much of my own and of my 
readers’ time in discussing theories about which my own con- 
victions were long ago established. 

Directly it is recognized that the carburized irons fall into 
lino with alloys, and these, in turn, with saline solutions, many 
difficnilties disappear. The presence of about 0.9 per cent, of 
carbon marks a, saturation-point of iron by carbon, and every- 
thing points to its being the eutectic alloy of the steel-series, 
though it is the eutectic of a solid, and not of a liquid solution. 
A main characteristic of a eutectic is, that it cannot have a for- 
mula., because its constituent atoms are not arranged in atomic 
proi)ortions. Iron, with about 1.0 per cent, of carbon, has the 
maximum strength of the Btecl-series — a property which is 
charachudstic oi' a (uitectic alloy; and additional evidence is 

* M. Onmond'H paper in printed as a part of tins Discussion, beginning on page 
876 . 



862 MICROSTEUCTURE OF STEEL AND THEORIES OF HARDENING. 


thus afforded against the view, which Mr. Sauveur so severely 
condemns, that steel contains a compound having the improb- 
able formula FCo^C. It is only when the properties ol iron 
alloyed with carbon, nickel and manganese are correlated that 
the need for the allotropic theory is felt in full force. It is, 
however, hardly necessary to point out that, as experimental 
evidence accumulates, the theory derives more and more sup- 
port, and the recent experiments of Mr. Howe on the increased 
tenacity produced by quenching almost carbon-free iron present 
a case in point. 

I may, perhaps, appeal to my own recent experiments on the 
diffusion of solid metals/' as affording evidence of complex 
molecular change in solids. I am sure that metallurgists will 
be grateful to Mr. Sauveur for having so clearly stated the 
various points at issue. 

Henry D. Hibbard, High Bridge, H. J. : Mr. Sauveur has 
rendered an admirable service to steel metallurgists by the 
clear and concise way in which he has laid down the present 
status of the various theories relating to the hardening of steel. 

The earnest endeavors of the eminent experimenters of all 
schools in the field have agreed so far that the question is now 
narrowed down to the one of the composition and constitution 
of the constituent martensite. As Mr. Sauveur says, if we 
knew its composition, the problem of the hardening of steel 
would be solved. 

The writer took occasion some time since to point out that 
martensite has a varying composition, which precludes <*on- 
sideration of it as a, definite chemical compound. It seems 
probable that martensite is an amorphous mass, and thai. it is, 
therefore, beyond the power of the microscope to resolve it or 
to throw light upon its nature. 

The theory of Langley and Metcalf is not considered in the 
paper under discussion, though it is claimed to l)e a workiiig- 
theory which accounts for all the phenomena mot with in the. 
hardening-process, and for the properties of liardemsl sti^el. It 
seems to me, however, to be partly a case of mistaking one of 
two effects for the cause of the other. 

As I understand it, this theory may be briefly stat(‘d as fol- 
lows : All the phenomena met with in hardened stool may be 
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explained by considering the piece of steel to be in a state of 
strain, resulting from the disturbance of the crystalline forces 
by the carbon which is kept in solution by rapid cooling. A 
chief point in the evidence which supports this theory is that 
steel is found to be perceptibly hardened by cooling quickly 
from the temperature of boiling water. Admitting this, it is 
still well-known that wrought-iron or low-carbon steel cannot 
be made very hard, as compared with high-carbon steel, by 
sudden cooling from the temperatures above Ar^. 

In the case of hardened carbon-steel, hardness and brittleness 
exist together. Now, every hard substance cooled quickly, and, 
therefore, irregularly, from a high temperature will be in a state 
of strain, dependent in some degree upon its mass, and every 
brittle substance will be in danger of rupture from this cause. 
Note the cases of glass and tap-cinder. A soft metal suddenly 
cooled from above W cannot have great strains in it, as it will 
yield and accommodate itself in a measure to the irregular rate of 
the cooling it undergoes. Does it not appear, then, that har- 
dened steel has strains because it is hard, rather than that it is 
hard because it has strains? 

The way in which hardened steel articles break spontaneously 
suggests strains due to irregular cooling rather than to other 
molecular causes. We know that the cold-working of steel sets 
up strains within it, and hardens it as well, and we may admit 
that the increased hardness is due to the strains; but this hard- 
ness approaches in but slight degree the fliiit-liko hardness of 
hardened steel. 

The strains in hardened steel no doubt increase the hardness, 
and this iiuirease it may, perhaps, bo possible to determine by 
experiment on something like the following lines : Harden va- 
rious saniples of steel, anneal them for various periods of time 
at various tcunperaturcs helov) redness, and then determine their 
relative InmlneBs. This would be merely studying the properties 
of steel used daily by every blacksmith in the land in tempering 
cutting-tools. Microscopical examinations of the samples should 
also be made. It is not likely that any chemical change can 
take ])lace below a red heat, and the results could hardly fail to 
be very instructive — if wm only had a reliable and recognized 
test lor hardness. 

As a speculation, the following may suggest a possible cxpla- 
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nation of tlie formation of martensite. It may be admitted that 
molecules are perfectly hard of themselves, and that the hard- 
ness of bodies depends solely on the arrangements of their 
molecules, as evidenced by the allotropic varieties of carbon. 
Above Ar^, as nearly all agree, the FcgC is dissociated. The 
molecules of Fe and C are then in violent vibration. With 
slow cooling they reunite during the critical periods, evolving 
heat as the result of the chemical combination, and form the 
usual constituents found in slowly-cooled steel. With rapid 
cooling their motion is suddenly arrested; there is no time tor 
arrangement or combination ; and the result is that they re- 
main uncombined, and that there are, therefore, more molecules per 
unit of mlurrte than in the case of slowly-cooled steel. Such a 
crowded condition of the molecules must result in an amorphous 
mass of extreme hardness, and may account for the increased 
bulk and decreased specific gravity of hardened steel. 

Some light might be thrown on this matter by the determina- 
tion of the temperature-coefiicient of the electrical resistances ot 
hardened and unliardened pieces of the same steel wire. This 
is suggested because carbon has a pronounced negative co- 
efiicieiit, in which respect it is unique among the clenicnts. If, 
therefore, it exists as free carbon in hardened steel, such steel 
may have a lower coefficient (if not a negative one) than un- 
hardened steel, in which carbon is pretty generally admitted to 
exist in combination as FcgO. 

P, H. Dudley, Hew York City: Mr. Sauveur’s paper m a 
very valuable contribution, and will long be studied, not only 
for the information it gives with regard to his personal work, 
but because it states so concisely the several theories of the 
hardening of steel. One must, however, study the papers of 
the difierent theorists to form a just conception of the value of 
their work and their conclusions. That diverse views should 
be put forth by different co-laborers is not strange. Tlu^ micro- 
structure of steel is not only complex and difficult at Ix^st, but 
almost all observers must work on materials of somewhat <lif- 
ferent composition and manner of preparation, with difierent 
optical instruments ; and only in a general way do they bchuu to 
find and see the same structure, which leads them to difierent 
interpretations. This must be expected until the subject has 
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been more fully investigated, and the effects of the different 
elements, of temperature, and work, in imparting and modify- 
ing structure and physical properties, are more completely as- 
certained. 

The practice of calling all elements in steel, except iron and 
carbon, impurities ’’ is, in my opinion, no longer desirable. A 
discrimination should be made, at least in favor of some of the 
elements, which are as essential as carbon to produce steel com- 
mercially. A scientific consensus is the final resultant of prac- 
tical work; and this must constantly be borne in mind, if we 
wish to make progress. The numbers of kinds and grades of 
steel, now in use, which are hardened, require any theory of 
hardening which will cover the general subject to be based upon 
a broad foundation ; and industrial results should be examined, 
to see how far they confirm laboratory-results. 

As Messrs. Osmond and Sauveur point out, the microstructure 
of steel must be difterentiated by polishing and etching, which, 
even for the plainest and largest structure, require a great deal 
of skill. It is not yet clear that we can thus resolve and deter- 
mine all of the minute structure of some kinds of hardened 
steel. The resolution of the microstructure of steel is limited 
to the number of lines per inch resolvable by the apertui'e of 
the objectives employed. 

The table given below, comprising items selected from the 


A'pcrtiire- Table for Objeetwes. 


1 inch. 


,'a inch. 


Objkotive. 

I'ocal Length. 

ArnR- 

TITRK. 

In. 

Maximum Limit of Resolving-Power 
IN Linew ter Inch. 

White Liglit. 

Blue Light. 

Photogra- 

phy. 


0.25 

0.00 

0.80 

0.90 

1.00 

1.20 

1.30 

1.40 

24,103 

57,840 

77,128 

80,769 

90,410 

115,092 

125,333 

134,974 

20,120 

62,702 

83,603 

94,053 

104,503 

125,401 

135,854 

146,305 

31,749 

70,199 

101,598 

114,298 

120,998 

152,397 

1(55,097 

177,797 






( inch. 




npertur(!-t,ablc published by the Journal of the Royal Mierosrop- 
iml t^oeiety, gix'os the ruaximum rcsolving-powor ia linos per inch 
for objectives of ditfcrcut aperture, for white light, blue light 
and photography. It I'cproseuts ouly a few objectives, but will 
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serve to illustrate mj proposition. I have placed opposite the 
apertures the usual or frequent focal length of the objective. 

The one-inch objective given in the table has a much larger 
aperture than usual, and will stand deeji eye-piecing, giving 
sharp definition for a high magnification, which, however, does 
not increase beyond a certain limit its resolving-power, Avhicli 
depends upon its aperture. It is resolving-power and good 
definition, as well as magnification, that are required to sec 
delicate structures. I have given in the table the theoretical 
number of lines for an objective of 1.40 aperture, but there are 
only a few of these yet in use. 

Theoretically, a great deal is to be expected from the recent 
“ apoehromatie ” objectives, made by Zeiss, of Jena; and 
doubtless they will give better results than those obtained with 
other objectives, when greater experience has been acquired in 
their manufacture and use for sj)ecial purposes, sueli, for in- 
stance, as examination of steel under vertical illumination. 
Hitherto, the 23 hotomicrograplnc work of the apoclironiatic 
objectives on steel has not, so far as I know, equalled that of 
some of the older objectives. I understand that the maker 
says they will need a special correction for such work. 

Osmond's high-power work and his unequalled high-power 
]photomicrograph8 were made, as I understand, with Nachet ot 
Pils hTo. 9, homogeneous objective, 1.30 aperture. I use ii 
homogeneous objective, one of the best made up to a few years 
ago, of 1.20 aperture. This, of course, cannot do the work 
shown by Osmond, for the actual resolving-power often falls 
below the theoretical ; a portion of the structure may not be in 
the focal plane of best resolution, and is iwtially lost. The 
large-aperture homogeneous objectives arc only reecmt j)roduc- 
tions and excel in performance anything su 2 )poscd to l)e possi“ 
ble ten years, or less, ago. 

The more one studies Mr. Osmond's papers, describing 
what ho has found in his careful cxiicrmientB at dciiuitc^ re- 
corded tem 2 '>eratures, the more certain one must feel that ho 
has seen what he describes; and his conclusions carry great 
weight, even though it be not j^ossiblo, with different means 
and material, and without his great skill and oxporicuuH^, to r<^- 
produee w^hat he has so clearly and candidly dcBcribed. When 
lie declares that he finds iron to be allotropic, ho must have 
microscoi^ie evidence for such a declaration. I)ocb the induH- 
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trial use of iron furnish any corroborative evidence, indicating 
such allotropy? If we consider, for instance, the failure of 
iron car-axles, of which there are over 5,000,000 in use on 
steam railroads alone, the failure of many of them can only be 
explained, it seems to me, by allotropic conditions of the iron 
in the’ same axles. The treatment in service being alike for 
each end of the axle, carrying the same percentage of load, one 
end fails while the other does not. Ninety per cent, of the 
axles from the same lot will run and complete the limit of ser- 
vice expected. 

I have taken several axles condemned for further service and 
subjected them to a drop-test of 1640 pounds falling 20 feet, 
the supports being 3 feet apart; and while the center would 
sustain the drop, one of the journals would fly off*, the fracture 
being entirely new. But after taking the axles, heating the jour- 
nals and wdieehseats to a dull red and cooling them, I could 
batter them all out of shape before fracture would take place. 

Iron can be hardened by quenching, cold-hammering and 
rolling; though, as I need hardly add, the hardness thus ob- 
tained does not equal that wdiich is secured by hardening steel. 
The heads of iron rails, after a long service in the track under 
light traffic, have a thin surface-layer which has become '^ery 
hard — reaching 27 on the scale of the “pyramidal cutter,’’ or 
about the hardness of steel rails when now. 

Mr. Sauveur says : “ Martensite is that constituent which 
exists at a high temperature, and being retained by sudden 
cooling, confers hardness upon quenched steel. . . . Of its 

real composition, however, we have no direct evidence.” So 
far as my investigations indicate, this hardness is only a condi- 
tioti whi(4i is found in the martensite, leather than a permanent 
quality ol‘ the martensite itself. My conclusion is based on the 
following reasons : 1, The ditferont grades of hardness which 
are produced by ditferont contents of carbon ; 2. The higher 
lieat to which the lower-caihon steels must be subjected for 
(litfusion of the caid)on before hardening ; 3. The modifications 
produce<l by tempering, without apparently modifying the 
structure, except to relieve it of internal tensions. 

What does take place in the martensite is as yet very ob- 
scure. 

To asccirtain whether any indications of change in structure 
would he given by increase or decrease of length of bars after 
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liardeniiig, I took three |-iiich square bars of tool-steel, about 
V inches long, and measured them before and after hardening. 
The ends of the bars were finished to J-inch square, measured, 
and capped with fire-clay to prevent oxidation during heating. 
They were heated just above the critical range and hardened. 
The fire-clay dropped oft' a few seconds before the heating was 
finished. There was no evidence that any scale had formed 
and flaked oft' during the hardening. Two of the bars had ap- 
parently been shortened, and one slightly lengthened. 

A bar of Jessop’s special tool steel, |-in. square, was taken, 
and the ends were finished to J-i^- square, the length being 
11.6682 inches. The ends were capped with fire-clay and an- 
nealed — the length then measuring 11.6742 inches. The bar 
was heated to dull red and hardened in water, and then meas- 
ured 11.6694 inches. 

Three bars, 1 of “ titanic ” tool-steel, f-in. square, 1 bar of 
0.60 per eent.-carbon rail-steel f by f in., and a third of 0.60 
per cent.-earbon rail-steel, were taken to a spring-maker who 
had a muflde for heating. The rail-steel was from test-bars 
rolled from the small test-ingots. The bars were all finished to 
:^-in. square on the ends; the ends were capped with clay before 
heating in each case ; and they were all hardened in oil and 
tempered to a spring-temper. The pieces were not annealed 
before hardening but were left as they came from the hammer 
and rolls. The results of the measurements are given in the 
following table : 


Kind of Steel. 


Length in Inches. 


Original. 

Hardened. 

Shortened 

Tempered. 

Lengthened. 

Titanic, ^ inch 
square 

11.4367 

11.4350 

0.0017 

11.4351 

O.OOOl 

60-carbon rail, S by 






I inch 

11.4932 

11.4943 

0.0019 

11.4945 

0.0002 

60- carbon rail, i inch 






square 

11.4269 

! 

11.4250 

0.0019 

11.4251 

O.OOOl 


These figures are ofiered only as approximations obtained 
from shop-experiments, and as indicating the desirtibility of 
more accurate measurements to determine the volunui of steel 
as aft'ectpd by structural change under heat-treatment. It 
the steel is heated up much above the critical range, and re- 
mains so for only a few minutes, a coarser structure is formed, 



MICROSTBUCTURE OR STEEL AND THEORIES OR HARDENIlSra. 869 


decreasing the density of the steel when hardened, as well as 
its strength. 

The heating of steel during manufacture and subsequent 
forging has always been justly regarded as one of the steps 
which can not be neglected for fear of over-heating the steel. 

In a piece of steel heated to visible redness, slightly below 
the point of recalescence, the mobility of the carbon is possible ; 
and, just above the point of recalescence, the mobility of the 
constitution is still sufficient to rearrange the preceding struc- 
ture, unless a pretty well defined structure has been developed 
at a higher temperature. The steel is plastic and can be shaped 
by forging or rolling without injury to the metal. But if the 
temperature be raised still higher, and if time permits, the 
crystalline forces build up a constantly increasing size of min- 
eral aggregates; the steel loses some of its plasticity, and will 
be injured, more or less, at least in the first stages of forging or 
rolling. Experience does not sustain the conception that steel 
does not acquire a crystalline structure on a rising temperature. 

Pror. E. D. Campbell, Ann Arbor, Mich. : I have studied 
Mr. Sauveur’s paper with great interest, and appreciate the 
clearness wdth which he has described the current theories of 
hardening steel. During the past six years I have myself been 
attempting to obtain some results which might throw a little 
light on this question, and have personally come to the conclu- 
sion that we must regard steel in the same light as organic 
chemists regard the bodies which they investigate. 

As early as 1864, Ilahn* obtained, from different cast-irons, 
a variety of hydrocarbons, a part being gases, belonging to the 
olefine series {ie. having the general foi'mula CjJlan) ; a part 
gases of the paraffin series (general formula Cnllgn+z) ; ^ 

unidentitied liquid hydrocarbons. Later, in 1877, Cloezf dis- 
solved a large sample of manganiferous white iron, and re- 
covered part of the carbon by absorbing the gaseous olefines in 
bromine, thus converting them to the di-broni derivatives; this 
absorption taking place according to the equation : Onlljii^+Br^ 
s= CiJTjj^Tirjj. In addition to the carbon obtained in the above 
manner, Cloez obtained also a portion of his carbon as low- 
boiling-point liquid paraffins, especially Ci 2 ll 2 o? together with 
some unidentified liquid hydrocarbons. Both Hahn and Cloez 

^ Liebig’s Ohm, jinn,j cxxix., 57. 


t Compt. rend., Ixxxv., 10 «3. 
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proved qualitatively that the olefines, — ethylene (OjHj), propy- 
lene (C3H,), butylene {CJI,) and pentylene and di-buty- 

lene (OsHi,) were present in the gases ; and Cloez identified the 
paraffins from decane to hexa-decane (CigHjJ. Both 

mention that duo-decane was the predominant racnibei 

of the oily paraffins. The work of neither of these chemists 
was strictly quantitative ; and neither attempted to account for 
the total amount of carbon, or to deduce from their results any 
generalizations which might lead to a theory concerning the 
relation of carbon to iron. 

So far as I am aware, not much work has been done in the 
way of studying the products of solution of steel, by dissolving 
the metal in hydrochloric acid or sulphuric acid, and attempting 
to identify the hydrocarbons produced. Yet, when ive con- 
sider the methods used in organic chemistry for deducing the 
structural constitution of bodies, it would seem that ive can not 
expect to get at the true constitution of steel until we employ 
analogous'^ methods. In organic chemistry, the structure 
of the vast number of organic bodies has been detorminod by 
depending almost entirely upon the products obtained by the 
•action of reagents upon each body; and if the chemists in or- 
ganic work are justified in assuming that the constitution of a 
body yielding certain products of solution can he deduced 
from the products themselves, then it would seem to me that 
metallurgical chemists are not only justified in following the 
same procedure, but must follow it if they expect to obtain re- 
sults at all comparable with those obtained in organic chemistry. 

In every theory at present held with regard to tlu', constitu- 
tion of steel, the formula for the carbide of iron, obtained trom 
annealed steel, is given as FSgO. The advocates of all the the- 
ories, whether they be carbonists, allotropists, carbo-allotropisls 
or supporters of the sub-carbide theory, assign to the. carbide 
from annealed steel the above formula ; and yet no one, so far 
as I am aware, has attempted to write an equation which 
should give an idea of the manner in which that carl)ide dis- 
solves in hydrochloric acid. They have all been satisfied to 
assign a merely empirical formula to the compound and have 
made no attempt to study the structural constitution of the 
body in question. In the course of my own work I have felt, 
more and more strongly, that the properties of steel do not de- 
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pend upon tlie presence of a body of so simple a formula as 
FcgO, but that the relation of iron to carbon is much more com- 
plex than would be indicated by such a formula. During the 
past three years especially, I have been attempting to determine 
the products of the solution of steel in hydrochloric acid, and 
to study the influence of the percentage of carbon and of vary- 
ing heat-treatment upon these products ; and although I am not 
at present prepared to give the details of all the results obtained, 
since the research is not yet, and will pi^obably not be for some 
time to come, complete, yet I can state in a general way what 
I think is indicated. 

Last year we obtained from a sample of annealed steel (con- 
taining 1.28 per cent. C), hy treating it electrolytically in dilute 
hydrochloric acid, about 55 grammes of a practically pure car- 
bide of iron, agreeing almost exactly with the empirical formula, 
FcgC. This carbide gave as its products of solution : hydrogen ; 
probably ethane (CJTg) ; and a large amount of butylene (C^IIg) ; 
and part of the carbon was unaccounted for, but the odor of the 
solution gave almost positive evidence of some of the lower- 
boiling liquid paraffins, probably butane (CJIiq) or pentane 
A detailed description of this carbide may bo found 
in the AmericaJi Chemical Journal for December, 1896. If we 
consider the results of the solution of the above carbide and 
the products obtained by Hahn and Oloez, the conclusion that 
the carbide of iron capable of yielding such complex products 
has a formula of FcgC, does uot seem tenable. But if we bear 
in mind two well-known facts, there seems to me to he a hypo- 
thesis capable, of explaining these products of solution in a man- 
ner in p<u’fc^et accord with well-known chemical hues. The 
first of the facts to which I would call attention is the well- 
known tendency of many of the olefines, especially those of 
higher molecular weight than propylene (C^ITg), to polymerize 
or condoiise. The second fact is that the ‘olefines have a ten- 
dency to coml)ine directly with nascent hydrogen, to form the 
corresponding paraffins, this addition of hydrogen taking 
place aC(M)r(ling to the equation Onirgn+Ha— CnTIsn+r is 

especially marked in the case of ethylene (CgllJ, combining 
with hydrogen (IQ to form ethane (O^IQ. 

Bearing in mind the two above facta, I would offer the hypo- 
thesis that the carbide of iron, isolated from annealed steel, has 
VOL. xxvii.-- 67 
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a formula, not Fe^C, but mucli more complex. I am inclined 
to think that iron, like hydrogen, is capable of forming a series 
of what I think we might justly term ferroearbous ; that these 
ferrocarbons have a general formula CnFeg^; that the group 


Fe ^ replaces two hydrogen atoms in hydrocarbons of the 
\Fe/ 

olefine series. Whether a ferrocarbon of so simple a structure as 


/Fe\ 

Fe C, the first member of the series, can exist, wull prob- 
\Fe/ 

ably remain undetermined ; for if such a ferrocarbon existed, 
the first products of solution in hj^drochloric acid would be ac- 


cording to the graphic equation : 


Cl— H H-Cl 
Cl 

I Fe Fe 
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H 
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Cl C1~H 


Cl 

1 
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f Cl H-H Cl 
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Cl— Fe Fe— Cl 
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4 

Cl— Fe C-H 
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But this would give methylene, which, up to the present 
time, has never been isolated, and which, owing to its unsatu- 
rated carbon would immediately combine witli hydrogen, 
probably not stopping short of complete saturation to methane 
(CH^); or, more probably, it would first polymerize and com- 
bine with hydrogen to form ethane (OgHe). The next member 
of the ferrocarbon series (OgFe^) would yield as its ])riinary pro- 
ducts of solution the first known member of the olefines, ethyl- 
ene (CglT^), according to the equation : 
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The ethylene would take up more or less hydrogen to form 
ethane. In the same way we can very readily understand the 
structure of the other members of the ferrocarbon series, O.^Feg, 
these members, by the action of hydro- 
chloric acid, might yield the corresponding olefines, which, in 
turn, by condensation and partial hydrogenation, would compli- 
cate the products of solution, rendering them, perhaps, even more 
complex than the ferrocarbons from which they were derived. 

With regard to the bearing of this hypothesis of a series of 
ferrocarbons on the theory of the structure of steel, I might 
offer a few suggestions. 

It is generally recognized, I believe, that what Prof. Arnold 
has properly called the saturation-point of carbon for iron is 
reached when the carbon is present to the extent of 0.9 per cent., 
or when the metal has the empirical formula CFe^^. I need not 
enlarge on the fact that the maximum influence of carbon on 
steel is felt when this point is reached. In annealed steel of 
this composition, we have the entire mass consistiilg of pear- 
lyte. When the metal is heated above Ar^ this is all changed 
to martensite. If the steel contains more than 0.9 per cent, of 
carbon, we have free cementitc, associated with pearlyte in an- 
nealed, or with martensite in hardened, steel. If the carbon be 
much below 0,9 per cent., and the metal be quenched from a 
temperature just above Ar^, Mr. Sauveur, as well as others, has 
shown that wo have martensite, occupying the same space as 
the pearlyte from whiclx it was derived, and accompanied by 
feiTite, If, however, the steel containing loss than 0.9 per cent, 
of carbon be heated to higher and higher temperatures before 
quenching, the martensite occiques, as has been shown so ably 
by both 8auveur and Osmond, a greater and greater proportion 
oi' the mass, but gives different shades of color on treating the 
})oliHhe(l specimens with io<line or nitric acid. It is principally 
over the changes which take place on lieating above Ar^ that 
the differences of opinion among metalliu'gi(^al chemists have 
arisen; and it is with a good deal of hesitancy that I would 
offer a sixth hypothesis iti regard to some of these changes, and 
their influence on the physical properties of steel. Pii\st, I 
would suggest the probability that the carbon in annealed steel 
oc<nirH as one or more, xisuall}'' several, mombera of the ferro- 
carbon seines, C^Fejjn, and that these ferrocarbons crystallize out 
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of solution at uniting at tlie same point with of iron of 
crystallization; but that this Fejgn is not ferrite, as is usually 
assumed. For if this iron of crystallization, which constitutes 
the alternate laminae of pearlyte, were leriute, it should exhibit 
the same behavior as ferrite tow^ards nitric acid and iodine, 
under treatment in a j)olished section; but it does not. We 
are thus led to regard the constitution of pearlyte as 
Fe,3n. What is the value of „ in different steels, is the point on 
which I have been at work for the past three years ; and my 
results so far go to show pretty conclusively that, in steels with 
less than 1.3 per cent, of carbon, the dominant ferrocarbon is 
C^Fe^,^; but the derivatives obtained have also shown that VFOg, 
CjFej and CgFe^ are almost certainly present, and that, Avith 
increasing amounts of carbon from low-earbon steels up, the 
amount of C^Fe^ in annealed steel increases. Further (although 
on this point we have but one set of results), the indications are 
that in the given steel in the hardened condition, there is more 
C,Fe3 than in the same steel annealed. Keeping in mind the 
fact that, qualitatively, the products of solution of hardened 
steel are identical with those of the same steel annealed, it 
would seem almost certain that when steel is heated above Aj’i, 
the ferrocarbons (or, as is usually said, the carbide of iron) do 
not dissociate but pass into solution in the steel. Wo might 
regard the absorption of heat at Acj as being due to tlu'- first 
step, namely, the solution of the ferrocarbons in their iron of 
crystallization, exactly analogous to the melting of many salts 
in their water of crystallization, and thus expressing the con- 
version of pearlyte into martensite, occupying the same space, 
or, in other words, into Fr of Arnold’s sub-carbide. 

As to the causes of the other two critical points Ar^ and A/\ 
there is still room for speculation. Our own study t)f the jiro- 
ducts of solution of steel indicate, although avo hav<! not, carried 
them far enough to prove them positively, that the feri'oearbons 
dissociate more or less as the temperature rises. This wc might 
naturally expect, since in low-carbon steels the fcu’rocarbons dif- 
fuse more and more through the free ferrite. Whether A/-^ and 
Ar„ mark points at which certain of the higher members of the 
ferrocarbons split up, as for instance C^Fo,2, siditting into 
SCjFcj; or Avhether the two upper critical points are indicative 
of allotropic changes in the iron, I am as yet unprepared to ex- 
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press an opinion. But what I do think is, that the ferrocarbons 
in low-carbon steel are diffused, as would naturally be expected, 
more and more perfectly with rise of temperatui'e ; that this 
diffusion is probably accompanied by a splitting-up of the higher 
into the lower members of the ferrocarbon series; and that, 
when the metal is quenched, these ferrocarbons remain dissolved 
in the mass of the metal, imparting to it certain properties. One 
of the strongest arguments to my mind, in favor of an allotropic 
change of the iron at high temperatures, is the intense hardness, 
accompanied by brittleness in quenched steel, and the fact that 
part of this hardness and most of the brittleness disappear on 
reheating the metal to a temperature of about 250° or 800°C., 
a temperature below that at which polymerization of the ferro- 
carbons begins. Moreover, the metal which has its maximum 
magnetic hardness in the quenched state becomes slightly mag- 
netically softer when reheated to 200°C. ; then suddenly very 
much softer magnetically, when heated to 300°C. ; and con- 
tinues to become slightly softer still as it is reheated, until the 
rcealescent point is passed and the metal assumes its minimum 
magnetic hardness in the annealed state. Thus we might see a 
relation between the magnetic hardness of steel and a possible 
allotropic condition of the iron; since the great loss of magnetic 
hardness seems coincident with the loss of brittleness between 
the temperatures at which steel is usually tempered. On the 
other hand, the retentivity of magnetism, or the persistence 
with which magnetism, when once acquired, is retained, does 
not fall oft‘ at 300 °C. as does the magnetic hardness, but in- 
creases steadily, though slightly, up to the point of 600°0., or 
nearly to the roealeseont point. Of course, when the recales- 
ceut point is passed, and the dissolved ferrocarbons crystallize 
out, we have annealed steel, and the retentivity is lower than 
in any other condition. 

These results would indicate that while hardness and brittle- 
ness in steel may not improbably bo duo to an allotropic form 
of iron, the increase in tenacity, elasticity, retention of magnet- 
ism and other propeidies characteristic of tempered steel may 
not improbably be due to the presence of dissolved ferrocarbons. 
The iron in those ferrocarbons may possibly bo in an allotropic 
form ; but the assumption of such allotropy would not bo nec- 
essary for an explanation of the properties observed. 
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Another argument in favor of the existence of a series of 
ferrocarbons and of the splitting-up of these bodies when steel 
is heated, is the behavior of steels with nitric acid in the ordi- 
nary eolor-carbon-tests. The color of the nitro-derivatives ob- 
tained by solution of the higher members of the series would in 
all probability be darker than that obtained from lower mem- 
bers, just as the bromine-derivatives of the higher members are 
darker than those of the lower. This would show why, in mak- 
ing color-tests for carbon, it is necessary tor accuracy that not 
only the standard and the unknown should have approximately 
the same percentage of carbon, in order that the meml)ers ot 
the ferrocarbons should be the same, but, in addition, that they 
should have undergone the same heat-treatment, for the same 
reason. 

Since hydrogen may be regarded, in its chemical behavior, 
as a metal, and since carbon is capable of forming so great a 
variety of compounds with that element (compounds in which 
many carbon atoms are linked to each other in almost number- 
less ways), it would not seem improbable that iron is capable 
of forming a number of ferrocarbons analogous to the hydro- 
carbons: and I can see no inherent reason why a number oi‘ 
the other metals, whose carbides have been regarded heretofore 
as of uncertain composition, may not likewise form series of 
what might properly be called metallo-carbons. 

Our work at present is confined to the ferrocarbons, in an en- 
deavor to establish the hypothesis of their existence l>y studying 
the products of solution and the thermo-chemical reactions oi‘ 
iron and steel. If we succeed in establishing the prol)ab]c (.ex- 
istence of ferrocarbons, we hope to take up in time some ot‘ the 
other metallocarbons, and, if possible, get metallurgical cluun- 
ists to realize the fact that inorganic chemistry must be studied 
in an entirely difterent way from the methods at prescuit em- 
ployed; that the ];)hysical properties of metals depend more 
upon the structural constitution of the components tlnin U[k>u 
the ultimate composition of the mass. 

F. Osmond, Paris, France: Mr. Rauveur has Bummarized 
very clearly and accurately the results obtained in rcHumt 
years by studying both the critical i)oints of different varied ies 
of steel and their microstructure. As regards his method ot 
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preparing the samples and his examination of them by the 
microscope, I have no observations to offer, and I am as fully 
ill accord with him as it is possible to be. The divergence 
between iis only begins in the interpretation of the results. 

These divergences are, however, useful. I am not one of 
those who regret the multiplicity of the theories ; the discus- 
sions to which they give rise, the experiments to which they 
lead, and the considerations they provoke are conditions of sci- 
entific and technical progress. 

Ejcammation of Mr, 8aiiveur\s Theory. 

Mr. Rauveur considers it to be experimentally demonstrated 
that each critical point corresponds to a change in structure 
which begins and ends with it. Starting thence, he asks 
whether these changes of structure may not even be the cause 
of the critical points, and he accounts for the physical, chemical 
and mechanical phenomena by a different distribution of the 
same carbide of iron, Fe^C, throughout the mass of iron. 

The fundamental proposition is, that each critical point is 
accompanied by a structural change which begins and ends 
with it. Tn the ranges of temperature where there is no criti- 
cal point we find no (ihange in the microstructural composition.” 
This appears to me to be perfectly accurate for steels of me- 
dium carburization, say between 0.30 and 0.00 per cent, of car- 
bon. These limits may, however, vary with the chemical com- 
})osiiion. lint I do not find that the proposition is completely 
Rustained in the case of steels which have either very little or 
very much carbon. 

I have studied in detail the variations of structure in a metal 
containing : 

0, O.M ; 8i, 0.04) ; S, 0.018 ; P, 0.01 ; and Mn, 0.19 per cent. ; 


and I find the following figures for the microstructural compo- 
sition, neglecting the rare transitional forms: 

Per cent. 



Marten- 

Fer- 


Kite. 

rite. 

Heated to 900° (X and quonclied at 070°, between Ai\ and Ar.^, 

. 14 

80 

“ 770°, Ar, andArs, 

. 24 

70 

“ 820°, middle of Ar,,, . 

. 40 

54 

Heated and (pienclied at 1000°, 

. 01 

39 

“ “ 

. 90 

10 


These iigures, it must be understood, are approximate; but 
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they are such as do not leave room for anj^ doubt. The changes 
of strncture are not arrested, during heating, at the point Ac^; 
the martensite has continued to spread far beyond it. Time 
unquestionably intervenes, as is shown by the results of the ex- 
periments of Mr. Howe* and of M. Charpy.t It is possible 
that the diffusion of carbon might he complete when Ac^ has 
been reached; but this diffusion is not instantaneous and de- 
mands time, which becomes proportionately longer as the tem- 
perature is lower. In reality, the formation of martensite dur- 
ing heating is a true internal cementation ” of the segregated 
ferrite, and it is well known that cementation is not a rapid 
operation. This is not clearly j)erceptible in highly carburized 
steels, because the mean distance between the lamelhu of cc- 
mentite is not, in round numbers, more than 0.001 mm. But 
in low-carbon steels, in which the distance between the carbur- 
ized keimels of jDearlyte is about one hundred times as great, it 
is not surprising that the regular diffusion of the carbon de- 
mands a much longer time. However this may be, the fact 
that the variations of structure do not, in certain easels, end 
with the critical points, proves that the structural variations are 
a consequence of the molecular changes which occur at these 
critical points. It is as if a mixture of ice and a soluble salt 
were heated; if the fragments of ice and salt are iidinikdy 
small and perfectly mixed, the solution will bo homogeneous as 
soon as it is melted. If, on the other hand, the fragments are 
large and irregularly distributed, this will not be the ea.se, at 
least not unless the solution is stirred. The dhfusion of the 
salt dissolved in the solvent will proceed according to known 
laws, starting from points of maximum concentration. In any 
case the diffusion of salt in water presupposes tlic prelituiuary 
melting of the ice; it is a sequel of this melting, and not, its 
cause. In the absence of salt the melting w^oiild occuir at a 
slightly higher temperature; but it would equally occur* 

In the highly carburized steels, those wdiich, after <!Ooling, 
contain segregated cementite, analogous phenomena arc rec- 
ognized. 

According to Mr. Sauveur, the proportion of segregated ce- 
mentite in these varieties of steel remains the same, whatever 


* Trans. , xxiii., 508. 

t Co7npt6s rendaS) vol. cxviii., p. 420 (February 19, 1894). 
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maj^ be the queiicliing-temperature above Jind it would 

seem that it practically is so provided that tlie quenching is ef- 
fected under the usual conditions. But these conditions allow 
time for important changes to be effected. If the cooling is 
rapidly conducted by quenching small samples of steel in water 
mixed with ice, the cooled metal should reveal a structure which 
more nearly approaches that p)ossessed by the metal while it is red 
hot, and it can be established that the proportion of segregated 
cementite varies with the temperature of quenching. If this 
temperature exceeds 1000'^, a percentage of carbon amounting 
to 1.00 may be reached without isolation of cementite. At 
the same time a new constituent appears, for which Prof. 
Eoberts-Austen has kindly accepted the position of godfather ; 
and the properties of this constituent, so far as it is possible to 


Per cent Fig. I. 



Carl)©!!, per cent 

Microstrnctural Composition of Steel Quenched from about 10)0° C. 


ascertain them in a mixture, closely recall the properties of 
steel with 12 to 13 per cent, of manganese and steel with 25 
pei\cent. of nickel. Its most salient property is that of being 
seratcdied either by a darning-needle or by apatite ; and this fact 
the partisans of the heroic action of carhon have not as yet 
even attempted to explain. I have not hitherto succeeded in 
raising the proportion of austenite above some 50 percent; 
when the percentage of carbon exceeds about 1.60, cementite 
reappears. 

To sum up the matter, wdiile Mr. Sauveur represents the 
microstrueiural composition of steels quenched above Ar^ by 
the npi)er diagram of his Fig, 4, 1 believe that I can represent 
it, nndcr the special conditions of quenching already defined, 
by the diagram hero given in Fig. 1. This is, however, a some- 

renduSj vol. exxi., p. 684, Norenibcr 11, 1805. 
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wliat crude approximation, and should be rendered more accu- 
rate by numerous experiments. For the same steel, with 1.50 
to 1.60 per cent, of carbon, the microstructural composition 
would be represented in terms of temperature of quenching 
by a diagram such as Fig. 2. In other words, the proportion 
of segregated cementite, W'^hich should be some 13 per cent, 
in the steel in question, quenched above 2 , i, iRRy vary from 
about 13 per cent, to almost none. This shows that the ce- 
mentite continues to be dissociated, or at least to be dissolved 
progressively, when the temperature is progressively raised 
above the critical point. 

As I see absolutely nothing among the observations of Mr. 
Sauveur which is in contradiction with my own, I hold the latter 


Per cent Fig. 2. 



Microstructural Composition of Steel Containing 1.5 to 1.6 per cent, of Carbon, 
and Quenched at Various Temperatui’es. 

valid; and I conclude that the changes of structure, not being 
necessarily restrained at the critical points, are not the cause 
of these points. 

The opinions of Mr. Sauveur, moreover, from the triple 
point of view of chemistry, physics and mechanics, raise difK- 
culties which he has been the first to recognize and very fi-iinkly 
to point out. 

From the chemical point of view the minute state of division 
of the carbide FcjC explains sufficiently well the readiness with 
which it could be attacked by hydraeids, because plates of di- 
mensions which do admit of measurement appear to be a little 
attacked. But in the colorimetric estimation of carhon by 
Eggertz’s method, why is it that in hardened steel there is a 
certain amount of carbon which is apparently lost ? The fine 
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state of division of the carbide may well render the attack of 
the acid more rapid; but why should the nature of the reaction 
itself be changed ? 

From the physical point of view, the carbide Fe^C, which is 
supposed to be stable at all temperatures, may well be com- 
pared above A, to a gas, the expansion of which produces cold 
and its condensation heat, and consequently critical points. 
But as concentration towards one point of the mass presupposes 
rarefaction at a neighboring point, the two phenomena, repre- 
sented 1)y contrary signs, should establish equilibrium or nearly 
so. In the same Avay, if two balloons be placed in a calori- 
meter, one vacuous and the other filled with a gas under pres- 
sni'e, and if these balloons are connected, the thermal eftcct 
will remain nil. I do not see clearly, therefore, how Mr. Sau- 
veur accounts for the reciprocal evolutions or absoi’ptions of 
heat at the points A,, and A, by a simple change of distribution 
of the carbide. These points. A, and A.,, moreover, occur in 
pure iron ; hence they cannot depend on the difiiusion of a 
carbide. 

From the point of view of mechanics, does the degree of 
hardness of a material increase with the state of division of its 
hardest constituent? If 15 per cent, of quartz grains, of 1 
(nibic centimeter volume, be agglomerated with a suitable ce- 
ment, and if an attempt be ma<le to file the product, the file 
Avill be arrested when it encounters a grain of quartz. If the 
(piartz is in fragments of 1 cubic millimeter, that is to say, in 
fragments 1000 times smaller than before, the file, it will be 
evident, will hardly scratch these fragments, though it will 
prohahly detach them. If the quai’tz is in impalpable powder, 
the proportions being maintained constant, the resistance to the 
passages of the file will probably be but small. The fact is 
ihat hardness, in the mineralogical sense of the term, docs not 
alone come into play. A sufficiently thin plate of glass, rest- 
ing on a soft support, could be cut without difficulty by a finger- 
nail. Or, to take another cxtnnplo loss remote from our sub- 
ject, it will he seen that, the percentage of carbon being ccpial 
(say 1.50 i)er e.ent.), oemcntation-stoel, with its relatively thick 
lu'twork of si\grogated eementito, is harder under the file than 
is the same, steel after forging at a dull-red heat — the co- 
meutite after this treatment being mueh more finely divided. 
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In the intermediate series of products between steel and white 
iron it is necessary to reach at least 2.5 per cent, of carbon (37 
per cent, of cementite) in order to attain a degree of hardness 
comparable with that of hardened tool-steels. To put the matter 
briefly, it seems to me to be evident that, far from increasing 
the hardness of steel, the minute division of its carbide can only 
diminish this hardness. I eaniiot think, therefore, in view of 
all the reasons which I have set forth, that Mr. Sauveiir s 
theory furnishes the explanation either of the critical points or 
of hardening. 

There is, however, in his theory, an idea which, it appears to 
me, should not he allowed to be lost sight of, namely, the per- 
sistence of the carbide Fe^C above tlie point Acj. I have 
thought for some years that at the point Acj there was total 
dissociation of this compound, because Weyrs electrolytic 
method isolates from white cast-iron a relatively small propor- 
tion only of a definite carbide; and wrongly I trusted to this 
method for accurately estimating the whole of the carbide. 
The immediate consequence of this erroneous view was the 
conclusion that segregated cementite was dittereiit from the 
hard plates of the pearlyte, and represented a variety of martens- 
ite very rich in hardening carbon. But this supposition was 
in no way verified by my subsequent micrograpliic investiga- 
tions; and Prof. Ledebur, employing Miillcr’s method, found 
carbides of practically identical formulas in the entire series of 
carburized irons from soft steel up to white iron.'^ Et si^ems 
probable, therefore, that the segregated cementite ami the 
lamellar carbide of pearlyte are identical. 

On the other hand, I have established the proseuee of frag- 
ments of cementite in a steel with 1.24 per cent. ol‘ (^irbon, 
quenched from a temperature 30® above the point i,t and 
this fact has been confirmed by the observation of Prof, AnuddJ 
and by that of Mr. Sauveur. Tims, under certain conditions, 
a portion of the cementite can exist above the ]>oiut i ; and 
the question arises whether steel above the critical points is not 
a solution, pime and simple, of Fe^C in p iron, /.c., the form of 
iron which is stable above A^. This, in fact, is nnuie quite evi- 

* Stahl %nd Emn, voL xi., p. 294 (April, 1891). 

t Compter rendm, vol. cxix., p. 329 (July 30, 1894}. 

J JProc, Inst Civ. Eng., vol, cxxiii., p. 148-160. 
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dent by the comparative results of thermal and micrographic 
investigations. 

Usually when two substances, which form neither definite 
compounds nor isomorphous mixtures, are soluble in each 
other, it is known that their curve of fusibility (or of solubility, 
which is the same thing) will be composed of two branches. 
One of these branches represents the deposition, in a solid 
state, of one of the substances, and the other branch corre- 
sponds to a deposit of the second substance. If it is a ques- 
tion, for instance, of a saline solution (Fig. 3), the branch ME, 
starting from the point M, corresponds to a deposit of ice in 



dilute solniions, the point M to the freezing of pure water; 
the brancli UK corresponds to tlie deposition of salt in a con- 
centrated solution, and starts from the point U, that is, from 
the Ihsion of the salt. The point of juncture E is that of solidi- 
fication of a mixture iti such a proportion that the salt and the 
ice are dc‘posited together at a constant temperature. M. irenri 
le (lliatelier,^ from whom these cousi derations are almost textu- 
ally borrowed, has shown that alloys behave in the same way, 
in the case, that is, of those alloys in which the constituent 
metals are simply dissolved in each other; the point E cor- 
responds, therefore, to the solidification of the eidixiic alloy of 
the series. 

liemw ika Sciences purn ct appliquecsj 1895, pp. 520-538. 
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The same thing occurs in the case of steel. There is a curve 
with two branches (Fig. 4). The branch ME starts from the 
point A7\ in pure iron (860'^), and corresponds to the beginning 
of the segregation of ferrite; that is to say, to the transforma- 
tion of Y iron into ^ iron in steels which are not saturated with 
Fe^C. The branch FTE, which is plotted approximately from 
the results of my own experiments upon the highly carburized 
steels, represents the beginning of the segregation of Fe 3 C. 



Curve of Solubility for JBe^a-Iron and Fe^C. 

The point of juncture E (near 670°) is that at which i3 iron and 
the carbide EcaC are simultaneously deposited at a coustani. 
temperature. 

This is the point which Prof. Arnold calls the jwtiif. of mfu- 
raiion, attributing it to the formation of a definite eompo\ind, 
Fe,,C. 

The form alone of the curve is sufficient to show that this 
interpretation is erroneous; but the expression, jw/ai of mta- 
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ration^ far as it is from representing the views of Prof. 
Arnold, may perhaps be retained, because it happens to be ap- 
propriate to the actual facts for the following reason : It is the 
concentration at which there is both saturation of y iron by the 
carbide Fe.jC, and saturation of carbide Pe^C by j iron. At 
this point the phenomenon wdiich occurs is exactly comparable 
with the solidification of eutectic alloys. In this instance, the 
eutectic alloy would correspond, to take Prof. Arnold's own 
figures, to 0.90 per cent, of carbon in the case of pure steels, 
which is nearly accurate ; and the point of saturation is, more- 
over, lowered by the presence of foreign elements Avhieh would 
be inexplicable by his hypothesis of the existence of a definite 
compound Fe 240 . 

Furthermore, it is permissible to suppose that the carbide 
Fe,jC, when dissolved, that is to say in martensite, behaves like 
a salt, and becomes in part dissociated with the separation of 
carbon ions ; and these occur together with molecules which 
remain intact. According to this hypothesis, the fraction of 
the carbon which exists as Fe.jC in the solution corresponds to 
the new variety of carbon which Mr. Hogg thinks it is possible 
to distinguish by the action of dilute, cold nitric acid.* It is, 
perhaps, this carbide which characterizes, in annealed steels, 
the structural constituent which I have called sorbite ;t it yields, 
w^'lien Weyl’s method is employed, a hydrate of carbon, and 
when Eggertz’s method is applied to hardened steels it yields 
the brown coloi^ation which is found even in the case of the 
nnsaturated steels, notwithstanding the absence of micro- 
structural eementite. Tlio carbon ions correspond to the car- 
bon wdiich is ‘^missing’’ wdien the methods of Weyl, Eggertz 
or Miiller are used. 

It is evident, therefore, that the facts may thus be naturally 
and etreedively grouped ; but it is necessary to find an explana- 
tion for the fact that segregated eementite is not isolated by 
Weyrs me<hod,as is the eementite derived from pearlyte. The 
first, which is much less finely divided than the second, ought 
to offer niinh more resistance to the reagents. The following 
explanation appears to me to bo not improbable. It is known 
that segregated eementite exists in abundance in white iron 

* Jimr, Iron and Steel Inst, 1896, NTo. IL, j). 179. 

f BdL dclaSoc, d}Bnc,j May, 1895. 
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above tbe point As, 2, 1 ; but it is not magnetic at this temperar- 
ture, and represents, therefore, an isomer of the lamellar car- 



bide of pearlyte. This isomer is certainly stable at tlu^ ordinary 
temperature, when it contains a sufficient proportion of man- 
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ganese, because ferro-mangaiiese with 25 per cent of manga- 
nese is not magnetic. May it not be the same with the segre- 
gated eementite in the white irons and in highly carburized 
steels ? 

If we bear in mind that the segregated eementite and the 
carbide of Mr. Hogg, which is supposed to be dissolved, have 
the same chemical reactions, we are led to identify them as 
being the same. Are we not in presence, then, of Mr. Howe’s 
carbide of ^3 iron ? 

This is a supposition which needs verification. An attempt 
to verify it may be made by isolating, by Mliller’s method, a 
certain quantity of segregated eementite, and ascertaining 
whether it is magnetic or not. If it is not, the hypothesis be- 
comes a fact; if it is magnetic, we shall still be in doubt, 
because segregated eementite, when separated from its associa- 
tions and apart from the conditions which enable it to exist, 
may liave s[)ontanoou8ly assumed the isomeric, magnetic form 
which is the normal form at the ordinary temperature. If this 
proves to be the case, some other method of investigation will 
have to be souglit. 

For the salce of clearness, I have arranged in the preceding 
table the conclusions which appear to flow from the preceding 
considerations as regards the chemical properties of the dif- 
ferent forms of carbon other than grapliite. 

This table, I would repeat, is only the expression of a work- 
ing hy])othe.sis, fairly accounting for several facts which remain 
obscure in the chemical I'cactions of carbon in its various states. 
Tins hypothesis admits, with Mr. Sauveur, that there is a solu- 
tion of caihide ¥i\C, which is, at the same time, the carbide 
of iron of M'r. Howe; and as the proportions in which such 
a carbide can possibly' occur by no means afibrd an explanation 
oi‘ hardeming, the rdle of the carbide should be that of con- 
tributing, concurrently with the free dissolved carhon, to main- 
tain a part of the iron in the /5 state. I have already, in 1892,* 
explained, by the existence of a double carbide of iron and 
ebromium in solution, the self-hardening of certain chrome- 
steels pr<.‘pared by Mr. ITadfield. In fact, the allotropic theory 
remains intact, whether iron is retained at the ordinary temper- 

Jour, Iron mid Steel Imtj No. IL, 1892, p.,127. 

VOL. XX vn, — 58 - • 
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ature in the IS state by carbon alone, by the carbide Fe^C alone, 
or by both together. 

The Present Positio7i of the Allotropic Theory. 

The allotropic theory, like all living theories, is in constant 
evolution. Its defenders do not claim to have created all the 
members which constitute its present form. Their more modest 
part has been to improve the weapon of research which they 
have received from their predecessors, and to adapt it to such 
new facts as have, from time to time, presented themselves. 
If adaptation remains possible, the theory has proved its 
vitality. 

It appears necessary, therefore, to restate here in some de- 
tail an exposition which has been already oftbred, perhaps 
too briefly, of the present state of the pending questions.^ 

Pefinition of Allotropy . — First of all, what is allotropy ? It is 
well to turn for an answer to Berzelius, who coined the word. 
Traced to its origin, it will be seen that an allotro[>ic change is 
a change of properties in an element without change of state 
(that is to say, with neither the simultaneous passage from the 
solid to the liquid state, nor from the liquid to the gaseous 
state, nor, conversely, from the gaseous to the liquid).t In 
other words, if two or more allotropic forms of a simple body, 
liquid, solid or gaseous, can coexist under the same conditions 
of temperature and pressure, they may he distinguished from 
each other by the possession of different properticKS. But the 
progress of science has shown that allotropic change's always 
correspond to a critical change of energy ; that is to say, that 
the passage of one form to another is effected more or less 
abruptly, and is attended with either evolution or absorption of 
heat, and, consequently, the different forms do not possess the 
same quantity of heat at the same temperature. 

A change of energy forcibly entails a change of propertic^s, 
while outward properties may undergo certain variations with- 
out change of energy (for example, the result ot‘ annealing is 
to modify the dimensions and the union of the Biructural (con- 
stituents). It is natural, therefore, to trace hack the effects to 


* Jour. Iron and Steel Inst, 1894, No, I., pp. 149 and 181 ; 1896, No, 1., pp. 180 
and 215. 

t Traiti de Chimie; Traduction frangaisc de Endinger et lloefer^ t. i,, pp. 19 k 23, 
Paris, 1845. 
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tlieir immediate cause. This has enabled Prof. Roberts- Austen 
to give the following definition of allotropic change, which ap- 
pears to be fully adequate : “ Allotropy is a change of internal 
energy occurring in an element at a critical temperature, unac- 
companied by a change of state.’’* 

In reality this is not, as we have seen, a new definition ; it is 
simply the old definition of Berzelius (which is also that of 
Mr. Howe) adapted to the present state of science. 

It should be observed that this same definition is equally 
applicable to isomeric changes if the word element” be re- 
placed by the word compound;” and it applies also to changes 
of state, if the last words unaccompanied by a change of 
state ” be suppressed. The tendency of all modern physical 
chemistry is, in fact, to view these changes as being members 
of the same family, to which different names may be given for 
the sake of convenience ; but they are nevertheless analogous, 
even if they are not identical. 

Now, if a classification has been established among these 
changes of energy, it is permissible to subdivide the main di- 
visions. It is possible to conceive, for example, that allotropic 
changes corrcsiioud sometimes to a change either in the num- 
ber of atoms or in their arrangement in the molecule. Allo- 
troi)y may sometimes be due to a change in the union of the 
molecules and sometimes to both these changes. Indeed, it 
has been proposed to make a distinction between physical and 
chemical allotropy.f Bnt, a.s there are generally but few moans 
ol‘ ascertaining what takes place within the atomic or molecular 
groujjs, this distinction is usually speculative, cspecdally in the 
case of solids. 

It. is, however, what Prof. Arnold takes to-day as a criterion J of 
allotropy, Ac(^or(ling to him, chemi(ial allotropy alone exists ; 
physi(ail allotropy is not allotropy, lie eiiuuciates the principle 
that iron presents u case of physical allotropy (though no one 
knows whether it is or is not so) and consequently has nothing 
in common with ordinary allotropy. But as the molecular 
weights of carbon, phosphorus, sulphur, selenium and arsenic 


* Jour, Iron and Steel Imi.j No, I., 189G, p. 216. 

t L('h Thioiics Modernea do /a par Lotliar Meyer; Traduction fraugaisCj 

A. Bloch et J. Mouiiierj t. ii., p. 4, Paris, 1889. 

J Jour. Iron and Steel Imt^ 1890, No. I., p. 201. 
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in tlieir different states are no better known than those of iron, 
most of the classical examples of allotropy are equally excluded, 
or their existence is at least called in question. 

Mr. Arnold suggests, then, whatever he may say, a new defi- 
nition very different from that which is at least implicitly ac- 
cepted by all the world, and this definition rests upon properties 
which are usually inaccessible to determination. 

Allotro])ic Transformations of Iron. — Prof. Arnold has, in fact, 
long ago admitted that the point A^ corresponds to a trans- 
formation of plastic iron into crystalline iron.* As Mr. Sau- 
veur has justly observed, these two epithets are about as un- 
fortunately chosen as they could be; for iron which is called 

plastic ’’ is crystalline, and iron called crystalline ” is plas- 
tic, at least at the critical temperature; but these expressions 
cannot be considered to convey to the minds of those who use 
them anything less than the idea of an abrupt change in molec- 
ular relations. 

In the same way Prof. Arnoldf no longer explains the point 
Afg as due to chemical reaction, but now admits that this point 
represents a change analogous to a change of water into ice.” 
But this is all he is asked to do. 

Allotropists, without staying to quarrel about words, note 
this concession. They record the fact that Prof. Arnold is 
fundamentally in agreement with them, and mark a point gained. 
They naturally persist in considering the points A., and A. as 
signs of the transformations of iron which come under the 
definition of allotropy, because they are pi'oducod in the purest 
iron as yet obtained without change of state and with a criti- 
cal variation of energy.” 

The points A 2 and Ag correspond to two independent 
nomena. For the want of conclusive proofs,, this distiiudion 
was not made when the allotropic theory, calh^l the tln^nw 
of /? iron, was originated; but it now claims recognition for 
two decisive reasons : 

1. Because the appearance and disappearance of magnetism 
coincides with the point A.^ to the exclusion of Aj,; and 

2. Because A^ and Ag remain separated in iron of the 

* Proc, Inst. Mech. Eng.j April, 1803, p. 157. 
t Proc. Inst, Om, Bng,j vol. cxxiii., p. 2G3. 
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very high degree of purity which was prepared by Prof. 
Eoberts- Austen. * 

I am aware that the identification of the point Ai\^ with the 
appearance of magnetism seems to be in contradiction with cer- 
tain experimental results. It is necessary, therefore, to define 
carefully again in this place what is understood by the “ ap- 
pearance of magnetism.'*’ Since this phenomenon is, in reality, 
progressive, and extends over a somewhat large range of tem- 
perature, its position on the scale of temperatures, if it is to 
be determined by a certain induction-value fixed beforehand, 
will necessarily depend on the choice of this value. In the 
same way two equally accurate observers might find some widely 
divergent numbers for the elastic limit of a metal, if they had 
not agreed beforehand as to the amount of permanent elonga- 
tion which marks this elastic limit. In the main, the diver- 
gences only exist in conventional usage. 

The rapidity of cooling, the intensity of the field and the 
kind of pyrometer are also causes of other apparent disagree- 
ments which are explained by the difierences in the experi- 
mental conditions. And so, to avoid confusion, it appeared to 
be necessary to record simultaneously, in a single experi- 
ment, the cooling-curve and the progressive change of mag- 
netism. 

This was what I did; and the results, lately confirmed by M. 
Curie’s far more precise and extended experiments, f have left 
no doubt in ray mind as to the coincidence of the appearance 
of magnetism with Ar.^. Moreover, the particular steels which 
have no point A3, ncvei’theless lose their magnetism when heated 
to redness. 

It', however, any uucei'tainty should still survive, the cooling- 
curve oi' pure iron obtained by Prof. Roberts-Austen alone suf- 
li<*es to separate Ar,^ from Ar^^. 

I insist on tins distinction, which I have already indicated 
elsewhere, because it is fundamental, and because sufficient at- 
tention has not always been paid to it. It necessarily compels 
ns to distinguish three allotropic varieties of iron, a below A^, 
^ lad,weeti \ and A^^, and y above Ag, while originally the two 
vari(di(^s, and were provisionally comprised under the name 

^ Pwc, Imt McA m<f., April, 1896, p. 244. 
t TImiSj (lauthier-VillarB, Paris, 1895. 
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of P iron. We ouglit even, at present, to consider it possi])le, 
in view of the experiments of Dr. Ball* and M. Curie, that it 
may still be necessary to subdivide y iron. 

A small difficulty now presents itself which had not hitherto 
been raised. Mr. Sauvenr does not seem to be quite certain 
that the points Ag and A^ of the iron are included in the doul)le 
or triple points As, 2 or As, 2,1 of the steels. To me, however, 
the existence of such a doubt seems impossible for the follow- 
ing reasons : 

1. When conducting experiments on the cooling of steels 
with an increasing percentage of carbon, it is eas}" to fol- 
low the displacement and running together of the critical points. 

2. Prof. Arnoldf has calculated the numbers of calories re- 
leased at the point A^q, at the same time deducting the sum of 



Temperatures ('degrees C.) 

Relative Proportions of Each Variety of Iron Occurring in Pure Iron During 
Slow Cooling. 


Ar, + Ar, from the supposed triple points, and has found (hai, 
these calories were proportional to the percentage of ciirbon u]) 
to 0.90 per cent. It is true that the method of calculation was 
not very exact; but the results, though approximate, well justiiy 
the hypothesis. 

8. The appearance of magnetism, which is characteristic of 
the point Ar„ ocevrrs in points Am, 2 or Ar 3 , 2 ,i, which, it. is ad- 
mitted, include Ar,.J 

4. The curves of thermo-electric powcr§ and of electrical ri'- 

* Jb?M\ Ito% and Steel Inst., 1S90, No. L, p. 85. 
t P/'oe. I7ist. Gw. JEnff., vol. cxxiii., p 1.52. 
t Hopkinson, Proc Roy. Soe.^ vol. xlviii., 1890, p. 442. 

§ Osmond, Transformations of Iron and Carhop pi vii. and viii. 
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sistaiice/^ considered in relation to temperature, reveal the ex- 
istence at the point A^, when it stands apart, of some typical 
characteristics which are gathered together in the united points 
As, 2, 1 in highly carburized steels. 

These proofs seem conclusive. If they be accepted as such, 
one can represent by special diagrams the relative proportions 
of each variety of iron which exist during the course of slow 
cooling, at any given temperature and for any given variety of 
steel. For carbon-steels, these diagrams may be divided into 
three types. 

In pure iron, if Afg is suddenly produced at 855® C., and 
Arg, progressively, between 750° and 700°, then the diagram 
would be such as is shown in Fig. 5, which explains itself. 


S P!g. 6. 

Ter cent Highly carsurized Steel 



Tomperatures (clcj?rec-s C ) 

Beliitive Proportions of Each Variety of Iron Occurring in Highly Carburized 
Steel During Slow Cooling. 

Ill a highly carburized steel, the three points are joined into 
one, at 075° (for example); and the conditions arc roprosented 
l)y Fig. r>. p iron becoracs a iron directly it is formed. 

Ill a variety of steel presenting two critical points, things are 
more complicated.^ Take, for example, the steel so closely ex- 
amined by Howe and Sauveur. The diagram which gives the 
relative proportions of the three forms of iron is evidently the 
same as the diagram showing microstructnral composition (Fig. 
7). In this case there is, during the critical interval, a mixture 
of martensite, the proportion of wliich is progressively decreas- 
ing, and ferrite, the proportion of which ivS naturally varying in 


* JL Ic Chatelier, Compies rendusj vol. cx., p. 283. 
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a contrary sense. Each of these constituents has its own criti- 
cal points. The point Af 3.2 does not belong to the whole mass, 
but to ferrite alone. In the martensite, which fiiiall}" l)ceomes 
a hard steel with about 0.80 per cent, of carbon, the progres- 
sive concentration of the carbon delays the transformations of 
the iron, just as in a true highly carburized steel ; and the point 
which is called (for the mass) Ar^ is really the point Ars, 2, 1 of 
the martensite. 

There is no y, /? and a martensite ; there is only y martensite 
during slow cooling. And this answers Mr. Sauveur’s objec- 
tion; for he asks why low-carbon steel, quenched between 
Ara, 2 and Arj, does, in fact, harden. In the martensite the 



Relative Proportions of Eacli Variety of Iron Occui'ring During Slow Cooling in 
Steel with two Critical Points. 


point Ars , 2 has not begun, whilst it has ended in the huTite. 
Martensite hardens like all carburized steels, and cnimiMnunitly 
imparts • some hardness to tlic mixture. It is t.nie that the 
notation in this ease is not very convenient. It would be neces- 
sary, in the example under consideration, where the iiiial [u-opor- 


tion of martensite is 23 per cent., to replace Ar .,_2 by 


77 

100 


Ar, 


3> a, 


and Ar, by the sum (Ar, -f ^“^Arg j). But this question of 

critical points in soft steels was not completely chaired up 
until the recent investigations in metallography had been 
made. 
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Permanence of Allotropic Forms . — The polymorphism of iron 
once proved, it remains to he seen whether the forms ^ and y 
can be maintained, either wholly or in part, at the ordinary 
temperature. Mr. Hadfield has pointed out that allotropic 
states are often unstable;* but this is purely an abstract objec- 
tion. It is quite certain that each distinct form is only natu- 
rally in equilibrium between certain limits of temperature. It 
is a question to be solved whether it is possible to maintain the 
form beyond these limits, and, if so, how. If plastic sulphur 
and ozone do not long retain their identity, the diamond and 
red phosphorus preserve theirs indefinitely. Pyrophoric iron, 
reduced by hydrogen, appears to preserve its form, provided it 
is not exposed to the air. 

Mr. Hadfield himself, while saying that the sub-carbide of 
Mr. Arnold is extraordinarily sensitive to change, now* ap- 
pears to think it quite natural that this carbide should exist at 
the ordinary temperature. I do not see how, in ordinary fair- 
ness, a privilege can bo refused to 13 iron which has been gen- 
erously accorded to the so-called carbide Pe.^^C. But it is not 
a question of privilege in the particular case before us. We 
have to see, first, if /? and y iron can be so maintained, and, fur- 
ther, if they really are so maintained. 

Gcnei*ally, in order to maintain a chemical system beyond its 
natural limits of equilibrium, it is necessary to introduce some 
passive resistance into the system. 

Of the nature of these resistances wo know but little. But 
we know, for example, that a mixture of oxygon and hydrogen 
can exist indefinitely at the ordinary temperature, while its 
stable form at this tempei\ature is water ; and sudden cooling 
is txsually a means of traversing the range of temperature in 
which reaction is possible, in order to reach a temperature at 
which the introduction of passive resistances impedes or stops 
reaction. 

We know, moreover, that dissolved bodies exercise on the 
solvents what is known as “ osmotic pressure,’’ and that osmotic 
pressure lowers the freezing- and volatilization-points of the 
solvent. 


Tmm,j xxiii., 154, 165. 

f Jour. Iron and Sted Irntj 1896, No. L, p. 197. 
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We know, further, that pressure (in the ordinary sense of the 
word) also displaces the freezing- and volatilization-points, low- 
ering them or raising them, according to the sign of the pres- 
sure, and that of the change of volume which accompanies the 
change of state. The same is necessarily true for allotropic 
changes, as Mallard and H. le Chatelier have directly demon- 
strated by lowering more than 100°, under a pressure of 8000 
atmospheres, the isomeric change of iodide of silver.'^' Spring 
and VaiiT Hoff have shown that the change-point of copper- 
calcium-acetate is lowered 40° hy the application of a pressure 
of 6000 atmospheres; and Reicher finds that sulphur lias its 
change-point raised 0.6° by a pressure of 11.8 atmospheres. 
During rapid cooling, similar eflects of tension and compres- 
sion are produced, and Prof. Roberts-Austeii has established 
the ffact that there is a difference of more than 250° between 
the temperature of recalescence at the surface, and at the center, 
of a little ingot of quenched steel. f 

What parts are played by these general factors in the case of 
steel ? 

Experiment shows that at a red heat carbon diffuses itself iu 
steel and delays the occurrence of the points An, and An, 
causing them to coincide with An. Experiment also teaches 
us that manganese, nickel and copper (that is to say, those ele- 
ments of which the atomic volume is smaller than that of iron), 
and certain dissolved double carbides of iron and manganese 
[(Fe,Mn),HC] , of iron and chromium [(Fe,Cr).jC], of iron and 
tungsten (?), also lower the points of transformation, sonuhinu^s 
even to below the ordinary temperature. Sucli are the dear 
manifestations of the existence of osmotic pressure; and if it 
should seem surprising that such pressures should ])e reflirred 
to in connection with solids, it is only necessary to bear in 
mind that there is no sharp transition between solids and 
liquids, and to cite the heautiful exporiments ])y tlu^ aid of 
which Prof. Robei’ts- Austen, continuing the work ol‘ ({raham, 
has shown that gold will diffuse in ^oUd lead near tlu^ ordinary 
temperature, j: 

As regards external pressures, they are not purposely calknl 

^ Comptes rendm, vol. xeix., p. 157, July 21, 1884. 
t Froc. Jmf. Mmh, Eng.^ Oct, 1891, pp. 643 
t Tmm, Boy. vol clxxxvii. (189G), pp. 417-432. 



MICROSTRUCTURE OF STEEL AND THEORIES OF HARDENING. 897 

into play except in Clemandot’s process of hardening steel. 
They intervene, however, during rolling, when it is continued 
below redness, and still more (though the fact may be over- 
looked) in quenching steel, M. Andre le Ohatelier has called 
attention (and it is well that he has done so) to the importance 
of the changes of volume which accompany the transforma- 
tions of iron.'^' Each allotropic variety has its own co-efficient 
of expansion; the more the critical points are lowered the 
greater will be the abrupt changes of volume ; and, according 
to the calculations of M. Andre le Ohatelier, they may cause 
tensional or compressional stresses which may amount to 187 
kg. per square mm. if the changes take place at 300®, whence 
the frequent fractures caused by quenching steel. I cannot 
recognize in this stress a satisfactory explanation of the hard- 
ness of quenched steel. But the fact does exist; and it is 
natural that the considerable tensions produced in a body 
which is practically incompressible, at too low a temperature 
for spontaneous annealing to efface the strains, should determine 
the permanent preseiwation of an allotropic foimi of iron which 
would be unstable at the ordinary atmospheric pressure and 
temperature. As, however, the pressures are engendered by 
the clianges themselves, a change cannot be arrested if it has 
not already been partly accomplished. Thus the vaporization 
of water in a closed space will be stopped when the pressure 
attains a certain value which is a function of the temperature ; 
but the pressure wliich limits the vaporization is caused by the 
vaporization itself, and this presupposes that a portion of the 
water had previously been changed. This example w^ell shows 
the theoretical possibility, and probably the necessity, of the 
simultaneous presence of at least two forms of iron in iron- 
metals in which clianges have been delayed. But the complete 
solution of the problem demands investigations similar to those 
made by Hoguault in the case of steam. It is necessary to know 
the laws of the expansion of the throe varieties of iron and their 
pressure of transibrmation for all temperatures, and it would 
seem, moreover, that certain portions of the necessary researches 
do not admit of investigation by direct experiment. 

In fact, we know thoroughly only two extreme eases. One 
is, that if pure iron bo slowly (tooled, all the changes are com- 

* Bull, dc la Soc, d'Enc,, vol. x. (1895), p, 1342. 
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pletely effected in it at the normal temperatures : the whole of 

the iron remains in the a state. 

The other case is presented by manganese-steel with 12 or 13 
per cent, of manganese and with about 1 jicr cent, of carbon, 
and by nickel-steel with about 25 per cent, of nickel. In these 
varieties of metal no change occurs during normal cooling; the 
iron in them remains wholly in the y state. This proposition is 
a mere truism. It might as well be said that water remains 
water, even below zero, so long as its heat of liquefaction has 
not been evolved. 

As regards tlie intermediate cases, which constitute the gieat 
majority, and especially include the o] 3 eration of quenching, 
difficulties surge up. The facts which are known may be 
grouped as follows : 

1. The quenching of steel obliterates the changes, l)ceause 
tempering is accompanied with an abnormal evolution ol heat 
and a spontaneous acceleration of the speed with which the 
temperature of the metal rises; but they are not completely 
gu^ppressed, because quenched carbon-steels are magnetic, thus 
differing from manganese- or nickel-steels ot suitable compo- 
sition. 

2. In all cases in wffiich, from whatever cause, the critical 
points are lowered below about 350^^ to 400® 0., varieties ot 
steel are obtained which are more or less hard, magnetic aaul 
polar-magnetic.* As, however, whenever it is possible to trace 
the cooling, an evolution of heat is established, and as, more- 
over, the metals under consideration are magnetic, it is certain 
that changes are at least partially effected in them ; but- tluue 
are strong reasons for the belief that these ehangvs rcunain in- 
complete, because the properties the metals ffnally possess ditfer 
considerably from those of soft iron. 

3. In those steels in which the changes are effe<d<Hl below 
350® to 400® 0., we see that the hardness cither begins or in- 
creases with the point 

4. In the case of certain nickel-steels ■with a suit-able per- 
centage of nickel, in wdiich the changes begin near the ordi- 
nary temperature, the changes can be stopped at will by stop- 
ping the cooling at any determined temperature. 

* Jmr, Iron and Steel Imt.f 1890, No. I., pp. 180-187. 
f Oomptes rendusj vol. cxviii., p- 532. 
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But here theory intervenes in order to generalize these ex- 
perimental results, and the theory may be embodied in the fol- 
lowing proposition : 

When the ccDtses^ lohatever they he^ which tend to loioer the change- 
points are neither sufficiently poioerful to completely suppress them 
nor sufficiently weak to allow the changes to be completely effected^ 
abore 850"^ to 400"^ (7., then the changes loill remain incomplete and 
loill leave in the metal a mixture in variable proportions of a, iron^ /? 
iron and y iron, ^5 a. iron is soft and y iron does not p>ossess a 
high degree of mineralogical hardness (although it cannot be easily 
machined)^ ire attribute the hardness to g iron^ or to a combination 
of d iron loith one of the other varieties. 

This proposition is rendered very probable by the known 
facts ; but it is not rigorously demonstrated, and the last hy- 
pothesis of allotropists consists in admitting it.'*" 

If we accept it, the knowledge of the respective proportions 
of a, /5 and y iron present in a mixture will give the first gen- 
eral idea of the most characteristic properties of the metal. 
It is naturally not a question of predicting all the possible 
properties in <letai]. In the first place, the anticipations thus 
formed would not be applicable except to a chemically homo- 
geneous mixture — that is to say, to each constituent individu- 
ally; and if the metal contains many constituents, as often 
happens, the knowledge of each of them, even if it be com- 
plete, will not always enable the properties of the whole to be 
defined with precision. It is also necessary to reckon with 
certain variations of structure, apart from the molecular state 
of the iron. For example, there are joints in the ferrite wdiich 
arc more or less pronounced, according to the temperature and 
the time occupied by annealing; there is the state of division 
oi* the segregated cementite, etc. Furthermore, in the usual 
industrial prodiuds, interposed foreign matters may be met 
with, such as oxides, sulphides, phosphides, arsenides and slag, 
not to speak of blow-holes and of '' pipings,’’ which have be- 
come more or less welded. These arc so many distui'bing 
causes which should be studied separately, and 'which, as re- 


* It will be imdewtood that it is neccHsary iiho to admit that iron is an element, 
and to admit provinionally that the change which appears to take place at ISOO^ 
Cl docs not intervene in practice. 
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gards the purely theoretical anticipationSj will lead to grave 
errors if they are not taken into account. 

There remain, however, some properties which appear to be 
less troubled by these disturbing causes than are the others, 
and these are notably mineralogical hardness, electrical re- 
sistance and magnetism. 


Fig. 8. 



Diagram Illustrating the Magnetism of a Mixture of Alpha with other Iron. 


Let US take, for example, magnetism and examine its theo- 
retical aspects with relation to the allotropic fonns of iron. 

^ The a form of iron is magnetic. But, unless special prta^au- 
tions are taken, it is not polar-magnetic — ^that is to say, the l)ar 
ceases to be a magnet and the molecules resume their original 
positions when the circuit is interrupted. 

and j iron are non-magiietic, and for this reason we can 




MICROSTEUCTURE OF STEEL AND THEORIES OF HARDENING. 901 


liere group them under the name of non-a iron — a name which 
Mr. Howe has already used. 

It is easy to see that, in a molecular mixture of a and non-a 
iron, the latter can act as a passive resistance, forming an ob- 
stacle to the polarization of the iron, and that this will retain 
the polarization once it is obtained. In other words, the pres- 
ence of the inert molecules of non-a iron would be a necessary 
and sufficient cause for what was formerly called coercive 
force.’’ In the same way the load-stone ” (Fe^O^) is formed 
of a magnetic body (FeO) and a non-magnetic body 

Let OAXY (Fig. 8) be a square, of which the side repre- 
sents 100 parts. An ordinate mn, cutting the diagonal OA at 
shows a mixture of mp per cent, of a iron and of np per 
cent, of non-fit iron; and, if we employ a current strong enough 
to polarize the whole of the a iron present, the diagonal OA 
can be taken as a measure of the total magnetism. 

Xow, let it be admitted that the proportion of the iron which 
will remain polarized after the interruption of the current — 
that is to say, the residual magnetism, is proportional to the 
amount of non-fic iron in the mixture. Let mr* = y be the 
amount of the permanent magnetism which corresponds to the 
value 

mp ^ mo ^ X 

of total magnetism. 

We have, by hypothesis, 



li being a constant not greater than unity. It is the equation 
of a parabola, such as Or^X, of which the axis is parallel to 0 Y. 
The residual magnetism is nil when the whole of the iron is in 
the a state; it passes to a maximum in a mixture of equal parts 
of a iron and non-a iron, and evidently becomes ml when the 
fit iron disappears. 

All this appears to be thoroughly in accordance with the 
facta. The induced magnetism is at a maximum in the pure 
iron, and diminished progressively in proportion as the carbon, 
the manganese or the nickel increases. 

At the same time the permanent magnetism at first increases 
proportionately as the induced magnetism diminishes ; it passes 
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tliroHgli its maximum in kardened steels, containing about 0,90 
per cent, of carbon, then decreases (Austenite) and disappears 
ill manganese- and nickel-steels of suitable composition. 

Physicists may object that the total magnetism of hardened 
steels appears to approximate more and more closely to that of 
soft iron when the intensity of the magnetic field is indefinitely 
increased, and Mr. Hadfiekl will doubtless say that his manga- 
nese-steel becomes magnetic in a field which is sufficiently in- 
tense.* This merely shows that a very strong electric current 
sets up a sort of temporary strain, and, whatever may be the 
original state of the molecules, tends to modify the relative pro- 
portions of a iron and of non-fi' iron, so as to approximate them 
to the same state of equilibrium. It is, in fact, known that mag- 
netization does change the dimensions of the bars, and, on the 
other hand, that strain which increases the coercive force of 
annealed steel may magnetize non-magnetic steels. Mr. Ilad- 
field has pointed out that certain manganese-steels which arc 
not magnetic in mass give magnetic shavings ;t and, for my own 
part, I have observed that, if the surfoce of nou-magnetic steel 
be scratched with a diamond, the powder is invariably attracted 
by a magnet Furthermore, the experiments of M. CuricJ 
show that the total magnetism of soft iron, which is prii<*1i(*a.lly 
constant between 0^ and 500° 0. in a field which is hy\ver than 
800 units, diminishes rapidly with increase of temperature in a 
field of 1000 units. Magnetization seems hei’o to produce 
non- a iron. 

These considerations, which in the present state of onr 
knowledge are necessarily somewhat vague, 'will at lea-st serve 
to show that the magnetic phenomena come without difKeultj 
into line with the general scheme of allotropy. 

The Part Played by Carbon . — In the preceding stahaiuaits it 
has been a question of the methods generally which enuhh* iron 
to be preserved in one of its allotropic states. We think, in 
fact, that every foreign element may, in its relations with steel, 
present a specific cliaracter, and demands for this nnisoii 
special study ; but these more limited theories ought only tc) 
be considered as branches of the general theory. Under these 
circumstances, allotropists have relegated carbon to a He(M)n<lary 

^ Jour. Tron and Steel InsLj 1894, No. I., p. 158. 

t Jbid., p. 157. } Log. cU. 
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place, and, for doing so, they have been very unjustly re- 
proached. Directly any experimenter turns his attention to the 
influence of carbon, the results, whatever they may be, are 
claimed by Mr. Hadfield as presenting so many arguments 
against the partisans of allotropy, as if the latter had not con- 
tributed anything to our knowledge of the relations of carbon 
and iron. It is easy to show victoiflously that carbon plays a 
considerable part in the science and practice of metallurgy; in 
fact, no one doubts it. It is not a question of knowing whether 
carbon acts, but why it acts, and how it acts. 

Allotropists think (and believe they have proved) that its ac- 
tion is not essentially different from that of many other bodies. 
Electrolytic iron is as hard as quenched steel; steel with 15 per 
cent, of nickel, and with 0.20 or even with 0.10 per cent, of 
carbon, is not in practice easily workable after slow cooling. 
But carbon is a body which presents itself, so to speak, in two 
different aspects, because it has different relations with different 
forms of iron. In the presence of a iron it forms a definite 
carbide, independent of the mass which contains it ; in the 
presence of y iron it is dissolved, either as free carbon or as a 
carbide, like nickel or manganese. If cement-carbon alone ex- 
isted, we should only know the series of annealed steels which 
are progressively connected with white cast-iron; quenching 
would produce no effect. If hardening-carbon existed alone, 
the scries of carburized steels would be comparable with the 
nickel-steel series, but with the quantitative difference that the 
dissolved carbon, owing to its small atomic volume, is, like the 
hydrogen in electrolytic iron, the most powerful knowni modi- 
fier of iron. Eor the increasing percentage of iron there would 
be, at first, a slight progressive increase of hardness, then the 
self-hardening steels, then non-magnotic metals, comi)arable 
with the manganese-steels. Here, again, quenching would still 
be either useless or an almost useless operation. The two words 
“hardening’’ and “quenching” are so closely identified with 
each other that many, even careful workers, cannot distinguish 
the different ideas which they represent. In reality, immersion 
is only a particular means, applicable in a particular case, for 
rendering steel hard. It acts by delaying the carbon-change, 
and, as a consequence, delays the iron-change, also, to such a 
sufficiently low temperature that the changes will remain in- 
VOL. XXVIL — 59 
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complete. This happens spontaneously during the slow cooling 
of self-hardened steels. The manganese, chroniiiini and tung- 
sten perform the same office as immersion. 

But if, in the progress of siderurgy, carbon has been deposed 
from its position of absolute monarch, and has received that of 
prime minister, it is not the fault of those only who confess 
themselves to be allotropists. A leader of the Conservative 
party, Mr. Hadfield, by the unexpected and remarkable dis- 
covery of manganese-steel, proved himself to be one ot the 
most active insurgents in the revolution which he now tries 
to quell. 

Reply to the Objections of Mr, Sauveur and to Some Others. 

The general exposition just given of the present state of the 
allotropic theory will enable the writer to rc]»]y in a lew words 
to such other objections as have not been directly answered. 

These objections may be divided into four groups : 

1. Objections which in piinciple are well based, but. which 
relate to the primitive and, to-day, antiquated form ol the allo- 
tropic theory. 

2. Objections which are reasonable, but which are beside the 
question. 

3. Objections which may be called sentimental. 

4. Illogical objections. 

Mrst Group. 

(1) If hard and non-magnetic p iron is the cause of the pro/mriies 
of quenched carbon-steels a7id of the properties of ^({ngftnese- 
steels, the latter, which are non-m,agnetic, should md<d)i p iron only, 
while quenched carbon-steels, loMch are strongly nnfgneti(\ can only 
co 7 itam it as a part of their mass. Go7isequenily, nnt 7 nj<(nesr-sfrels 
shoidd he at least as hard as quenched carbon-steels ; and the fuel is, 
they are much less hard. (Sauveur, Howe, etc*.) 

The manganese-steels, which undergo no tnuiBforniationH, 
contain only iron which may be defined as of th(‘ p fnan. The 
quenched carbon-steels wdiich have nudergone pairtial traim- 
formations owe their hardness to p iron. 

(2) If the absence of magnetic properties is ouing to (he presence 
of hard p iro7i, when a nickel-steel, zohieh is non-ynagnefie ui the ordi- 
nary temperature, becomes so (after cooling to — 40^ G*>,for mtance), 
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the wetal which has become magnetic should he less hard, than the 
same metal in the non-magnetic fonm The contrary^ however^ is 
foimd, to he the case, (A. le Cliatelier.)* 

The Tion-maguetie metal contains y iron only ; the transforma- 
tion at about — 40° remains incomplete, with the formation 
of ^ and a iron. 

Sccoml Group, 

(3) A mangaresc-siecl with about 12 per cc7d, of manganese has 
been trea^ied bg cementation. After this treatment it has become mag- 
nctic and has retained praciicallg the same hardness ; therefore,, the 
magnetisyn isiwt connected with the hardness, (Hadiield.)t 

It follows from the experiments of Mr. Steadl and from my 
ovvn§ that the steel in question, which has become magnetic, is 
built up of three constituents : 

1. A hard, nou-ma.gnotic carbide, (Fe,Mn);jC. 

2. A less bard constituent around this carbide. 

3. The remainder, a soft constituent. 

in the mixture, the hardness and tlie magnetism are not re- 
ferable to the same constituents. 

(4) The same manganese-steel, simply annealed for a lo7ig time 
and cooled very slowly, becomes magnetic without its composition being 
changed, (iradficld.)|| 

It is ]>robable that the carl)idc (Fc,Mn) 3 C is, in this (^asc 
also, liquated, for it sensibly liquates even during cooling in air. 
The percentage of manganese, apart from the carbide, is not 
Builicient to hinder the (duuiges, ami the metal has consequently 
beeonu^ magnetic. This allords a furtlu^r proof that the carbon 
(amtributos to give mangam^se-steel its ordinary properties; but 
the i\wX was not (piestioued. Monuiver, it has not been shown 
that the (‘.ooled metal was homogeneous. 

(5) The sa^ne nnan/anese-steel, decarburued by prolonged annealing 
m ojcide of iron, atnl eooled very slowly, becomes maipieUc a}id sojt 
without the perceniaye of mang<inese in it being pcreepUhly ehanged. 
After deearburizatio}i it eari he forged or hardened without heeoming 
non-magnetie again, 

Jiiur. Tnm nml Bird Imt., No. L, pp. 207-210. 
t Ibid., 1804, No. 1., pp. 150-180. 
t Ibid., 1804, No. 1., pp. 191-196. 

§ Ibid., 1804, No. I., p. 318. 

II Ibid., 1804, No. I., pp. 156-180. IF Loc. dt. 
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The percentage of manganese, in the absence of carbon, is 
not sufficient to prevent the transformations during cooling, 
either slow or rapid ; and the metal is magnetic in conse- 
quence. It is to be remarked that it is not hard. This experi- 
ment proves still further that carbon contributes in giving 
manganese-steel its ordinary properties. But that is not the 
question. Besides, the cooled metal is probably not homo- 
geneous. 

(6) A steel containing 3.50 per cent of manganese and 0.54 of 
carbon scratches glass ; a steel containing 3.50 cent, of manganese 
and only 0.10 of carbon can be filed easily. (Iladiield.)'^ 

This proves equally the importance of the carbon ; l)ut it 
does not prove any the less the importance of manganese. Mr. 
Hadfield has been kind enough to send me a sample ot the 
second metal named. In it the points of transformation ol‘thc 
iron during slow cooling are really very much lowered by the 
manganese alone, but not sufficiently to enaldc the metal to be 
a self-hardening one. Its homogeneity is doubtful. 

(7) Soft iron cannot be hardened by q}(ene}iing. (lladtield.)f 

It has not been proved that carbon-free iron in very small 

specimens, quenched at a temijerature above 900^ in an ox- 
tremely cold liquid, will not harden by quenching. Bui, il‘ it 
were proven, the allotropic theory would not l)e ini|)ngm‘d. To 
obtain marked hardening it is necessary, and it is suffitucud, 
that the temperatures of the transformation of iron slnmld be 
lowered below 400° at least. In every known case this rc\su1t 
is obtained by the concurrence of several fa(4ors. It is by no 
means necessary that one of these factors, namely, the spee<l 
of cooling, should alone suffice. 

Third Group. 

(8) There is no evidence that quenched high-carbon steels contain 
a iron. Prof. Arnold^ loho has so mimttelg exami)n*d (unf read the 
structure of steelf dMS not see it under an enlargement if 800 di- 
ameters. (Hadfiel d. ) J 

Prof. Arnold will hardly claim to have seen the molecules 
of steel by an enlargement of 800 diameters. 

* Ftoc, Imt. Civ. Enif.y rol. cxxiii., p. 19S. 
f Jour. Iron, and /Steel 1896, No. I., pp. lOiJ-lOo. 
t Ibid., 1896, No. L, p, 196, 
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(9) One cannot see p iron. (Haclfield.)^*^ 

Neither can the carbide Fe240 be seen. The quenched steel 
is seen, the properties of which differ from those of annealed 
steel, and we all seek to discover why. 

Fourth Group. 

(10) Bodies loith a large atomic volume^ notably phosphorus^ do 
not nufintam iron in the p state. They ought to niahc it softer and 
less fragile. (Arnold.) f 

, This argument supposes that no other agents than p iron are 
susceptible of rendering iron harder or more fragile. The 
reasoning is exactly comparable to the following : A man 
has been vaccinated against small-pox; therefore nothing will 
ever make him ill.^^ 

Objections of this kind abound in the polemics of Mr. Arnold, 
and this example would appear to be sufficient. 


To sum up the question, the allotropists have established, 
with the useful assistance of their opponents, the existence of 
two allotr()j>ic states of iron and the permanence of these states 
in certain determined cases. They have given a rational classi- 
fication of the action of foreign elements connecting the (‘ar- 
l)unz(‘d steels to the manganese- and nickel-steels, showing that 
stcid above its critical points is a solution, and furnishing in an- 
swer to all objections replies which are at least plausible. They 
see no reason why their ideas should not be reconciled with the 
dissolved (uirl)ide of M. Sauveur, the carbide of /9 iron of Mi\ 
Howe, the double carbides* of iron and manganese of Mr. ITad- 
field, and the molecular stresses of M. Andre le Chatelier. 

Tluiy regret not having <lrawn a complete picture, needing 
t\o finishing touclies, of all the observed phenomena in this 
braiudi of the metallurgy oJ* iron. But such a work was not 
easy to execute. It has not been completed sooner probably 
bcjcause the state of Bcience generally still renders it impossible 
to (ffect tlu‘ solution of a }>roblem which is not the direct out- 
coiiic ol‘ one already solved. 


^ Jinu\ Iron and tSfed Innl,^ 1804, No. I., p, 176. f No. L, p. 203. 
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Henry M. Howe, Boston, Mass. : Besides Ms most important 
microscopic results, Mr. Sauveur presents very clearly, and with 
rare impartiality, a most complex and difficult subject, as to 
which those of us who dare may more than once have to 
modify our judgment. 

The problem before us in its very nature demands unusually 
close and patient reasoning. The case is not unlike what tliat 
of the discovery of ITeptune from the perturbations of ITranus 
would have been, if Heptune, in addition to being previously 
unsuspected, had also been invisible; for, unfortunately, wo 
have as yet no means of directly detecting the allotropic ibrnis 
of iron, the existence of which we have at least the very st.rong- 
est reasons for suspecting, as no reasonable man wdth knowl- 
edge of the facts can deny. 

So long as we had little to explain besides (1) the loss oi 
the magnetic properties at redness, and the facts (2) that the 
hardening powder of steel increases nearly proportionately to its 
carbon-content, and (3) that the condition of the car])on in 
hardened steel differs from that in unhardened steel, the carbon- 
theory easily held the field. For though the magneti<‘ phe- 
nomena were explained on neither theory, and though it was 
possible to explain the remaining facts, (2) and (3), on the allo- 
tropic theory, hy maintaining that the presence of carbon (‘ata- 
lytically restrained the hard high-temperature [i iron irom 
changing, even during quick cooling, hack to the normal soil 
a iron of annealed steel; yet, as Mr. Sauvenr w^dl puts it, this 
explanation lacked cogency. It seemed forced, ami few eiit(‘r- 
taiiiedit seriously. The carhon-thcory, however, explained (2) 
and (3) very readily. 

So far, then, while one theory explained as much as the 
other, the greater simplicity and directness of the <airhon- 
theory, and the fact that, while the change in the <*ondition of 
carbon was readily verified hy chemical analysis, the supposiMl 
allotropic change in the condition of iron eouhl not hi\ properly 
raised a very strong presumption in favor of the eavhon-theory, 
which thus appealed irresistibly to most minds. 

But, of three remarkable phenomena revealed hy further in- 
vestigatiou, all completely in accord with the allotropic** tlu'ory, 
one w’^as wholly inexplicable, and the tw’-o others explieahh* only 
wdth difficulty, on the earhon-theory. And, further, it was 
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found that the allotropic theorj’ explained the magnetic phe- 
nomena most lucidly, Mdiile no coiTCsponding explanation of 
them on the carbon-theory has, so far as I know, hecn ottered. 
There have been re-statements, hut I have seen nothing worthy 
the name of explanation. 

Tlieso three phenomena are the following. For ease of ex- 
position I do not observe chronological order: 

A. Iron ('omplctely free from carbon was found to undergo 
two spontaneous retardations during slow cooling at the specific 
temperatures at which the magnetic properties arc recovered.* 
Su(*h retarilations imply that heat is spontaneously evolved, and 
thus imply some change of internal energy. This change in a 
pure chemical element is very strong evidence of allotropy, es- 
pecially as it accompanies the recovery of the magnetic prop- 
erties. It is bard to resist the conclusion that these retarda- 
tions represent an allotropic change from a high-temperature, 
mnnaguetizal)le metal, p iron, to a low-temperature, magnetiz- 
ahle one, a iron. 

If tlu'se phenomena oceurred without change of state in a 
chemical componnd, they would, I think, he held without ques- 
tion to ])rove isomerism. I cannot see why, occurring in a pure 
element, they are not ecpially strong evidence of allotropy. 

Here hd, us impress on our memory the fact that the upi)er 
retardatit)ns are thus identified with allotropy. Tlie lower re- 
tardation (the recalescenco, Ar^), on the other hand, is idiaitificd 
with (diango in the condition of carbon, hy the tact that the 
strength of this retardation increases with the pereeiitage of 
carbon wuthin limits, and hy the fact which I detail in (<, that 
the (dninge in the condition of carbon has been shown to occur 
at Afi, hut not at the upper retardations. 

B. Iron almost chemically pure, containing only 0.022 per 
cent of (*arhou and 0,121 per cent of all other elements, cun 
he nuu‘h strengthened and greatly embrittled, hesid(‘s having 
its (dasti(‘. limit greatly raised, by sutti(dently rapid cooling.f 
The (*arl)on tlioory fails to exidaiu this readily, hecanse there is 

^ RobertH-AuHtcn, Vi'W„ Imt. Meehanwal April 26, 1895, p. 214; “Third 
Keptui to the Allovfl Research Committee.’^ 
t The writer : Bieel containing 

Carbon. Silicon. Mangancao. Flioaphonis. Sulpbnr. Coppr^r, 

.022 trace. 0 .007 ,014 0.10 

(the carbon and mangancHe are both determined by Booth, Garrett and Blair, the 
former by eombuHiion), in the form of small bars, and, in one case in the form of 
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too little carbon present, and for that matter too little of any- 
thing hnt iron, to account readily for these eftects. "W e hesi- 
tate to refer them to stress, because, so far as we know, no other 
metal is aflected to such a degree, though other metals should, 
under like conditions, receive great stress. It has been shown 
that, if anything, these effects are probably induced lu spite 
of stress, rather than because of stress; for on drilling out the 
interior of hardened bars of this metal, and also by removing 

wire, was quench^ from abouTo^ 3. in iced brine atlrom minus 5° to minus 
7° C. The wire was quenched in brine at — C. The results are condenbed 


in the following table : 


o 

fzi 

Size 

Inches. 

P 

o 

p 

o 

Size of 
Holes 
Bored. 
Inches. 

Tenacity. 
Pounds per 
Square Inch 

S 

.5 p-fl 

Elongation. 
Per Cent, in 

1 Inch. 

Contraction 
of Area 

Per Cent. 

Treatment 

6 

162 X .174 

Not. 


48,580 

23,050 

44. 

72.3 

Cooled slowly from IWC. 

10 

.187 X .204 

Yes. 

.083 X .082 

49,890 




Cooled .slowly from DOO'^tA 

2 

.176 X .181 

Not. 


52,040 

30,400 

43. 

77.8 

Queiudied in water from 

ooo-" a. 

9 

\l83x .198 

Not 


67,400 

42,820 

28. 

58.50 

Qucnelied in iced hnne 
from 901 r (1. 

8 

.177 X .186 

Yes. 

.073 X .074 

70,690 




Quenched in iced brine 
from 900" C. 

7 

.178X .197 

Yes. 

.086 X .085 

60,190 




Queneh(‘d in leed brine 
from t)00« C. 

8 

.179 X 195 

Yes. 

,087 X .088 

62,450 




Qnenelu'd in iced brine 
from 90(PC, 

12 

Initial size 
0 4717 
diain. 

Turned down af- 
ter quenching to 
0.112 inches diam. 

72,400 


18. 

75.9 

Quenched in ieed brine 
from IHKP C. 

13 

.066 X .066 

Not. 


1H,000 


16 per 
cent, 
in !t 
inch. 

72.6 

Quenclnvl in ietHi brine 
at minus V from 


These results are given in full in the Knginm''in(j mid M'wm// vol. 

December 12, 1896. page -357, and vol. Ixiii., January 30, 1897, page UK Tlie great 
tenacity of Ko. 18 is so surprising that, until it is corroborated by further tents, 
W'e must be cautious in accepting it. 

The tensile tests were made for me by a trustworthy ptdiHc tenting eoiupnny. 
The tenacity of No. 13 was originally reported to me as 11^,000 pounds per 
square inch, and I published this result. But on repeating the rxp(‘riujentH wuee 
these remarks were first printed, the highest tenneity which I find in this hard- 
ened wire IS 06,154 pounds per square inch in a fragment of No. 13, 63, 176 in 
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tlicir skill, each of which should lessen stress, the effects of the 
sudden cooling are, if anything, intensified. Indeed, in two cases 
it has been found that a cylinder cut from the axis of a hardened 
steel bar is stronger — in one case enormously stronger — ^t han the 
bar as a whole, though of course much less quickly cooled.^' 
Here, then, we have strong suggestions that the allotropie 
change indicated in A has been in part restrained by the very 
sudden cooling, with the consequence that our suddenly cooled 
metal retains part of the high-temperature, strong, brittle ^ 
iron. 

another wire, and 91,800 in a fragment of a wire which had already hoen tested. On 
investigating the matter I find that the tenacity of 114,000 pounds per square inch 
originally I'eported to me is vrroiig, and has been obtained by the testing company 
through an error in calculation. 

In several cases I have failed completely to harden this wire, probably because 
it cooled unduly after leaving the heating furnace and before reaching the 
quenching bath. 

It iiuiy be urged that while stress may cause this strengthening anil embrit- 
tling, yet for each set of conditions there is a certain delinite intensity of stress 
that will produce the greatest strengthening elfectj and that in these bars the stress 
may have exceeded this definite quantity. Further, that in reducing this stress 
hy turning down the outside or boring out tlie center, 1 simply lowered the stress 
towaril that spcidtic amount which would give the greatest strength, and hence that 
the fact, that I increased the strength hy reducing the stress, is no proof that the 
stress Itself is not a cause of this strengthening. In view of this, I do not regard the 
fact that this reduction of stress which I caused actually incM-eased the tenacity of 
the bar as a whole*, as at all conclusive cvidiaice that tlie strengthening elTeidof the 
sudden cooling is not due to stress : but I regard it as important contributory evi- 
<lencc, My main reliance is on the fact that, so far as we know, no other metal 
undergoes comj)aral)lc strengtheuiug when suddenly coolcil, although they ought 
to undergo (‘omparuhle. stress. But I must admit that we cannot rely strongly on 
this, beeaust* we have so little evidence as to the iufl nonce of sudden (‘ooling on 
the other metals. A few iireliminary experiments whieh 1 Iiave made with e(q)]X>r 
and plutimim, while too meaga* to all'ord strong evidence, certainly suggested tliat 
these two metals were atfected by sudden cooling to a much higher degree than is 
generally believed. 

The experiments to whieli 1 have .gist refenvd as showing that boring out the 
interior ami turning down the skin of suddenly-cooled nearly-carlHinless iron di<l 
not lessen the tenacity, are represented in the table in the last preoeiling footnote. 

In making a like experiment with a bar of steel containing 0.119 pet cent, of 
carbon, I obtained the following results ; 

Ten.sile Strength, 
l*ouiKis per KlouKatiou 

bq. in. per cent. In. 

Tlu^ annealed bar, 0.734'^'^ diameter, . 92,900 S1.2 2 

Tlu* ha.rdene<l bar, 0.74^^ diameter, . 118,000 0.8 2 

(lore of the hardened bar, 0.505'''" diameter, 141,000 0.0 2 

(lore of the hardened bar, 0.250'"'" diameter, 248,000 8.0 0.5 

HoKinonls c.f tl.o ortcrior j experiment, IfiB.OOO 

Hlielt of tliu luinlcned ?■ gj experiment, 167,000 

bar, . . . 

{The' Metallurgy o//SW, How’e, 1800, pages 32 and 38k 
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There appears to he a disposition to break the force of evi- 
dence in this line by referring the strengthening, which sudden 
cooling causes, to any minute quantity of any element present, 
be it manganese, silicon or any other. One friend, more inge- 
nious than logical, would attribute the strengthening of this 
0.022 per cent, carbon-steel of mine to the 0.10 per cent, of 
copper which it contains. Let us look at the general ieatuics 
of the situation. 

The properties — not only of iron, but of the other metals- 
are profoundly affected by the presence of impurities. These 
impurities, however, do not, so far as we know, confer the liard- 
ening-power, or any semblance of it, on any metal except iron. 
(With iron I include nickel and cobalt, the metals which, like 
iron, lose their magnetic properties — become allotropic — at 
high temperatures.) 

The hardening-power thus characteristic of iron is due to the 
retention of a high-temperature condition. That condition is 
either a peculiar high-temperature compound of iron with other 
elements, or a high-temperature condition of the iron itself‘; ic., 
allotropic iron. 

Iron alone gives evidence of allotropy at high tcm])eraturc‘H. 

If carbon alone conferred the hardening-power on iron, we 
could reasonably say that the high-temperature condition pre- 
served by sudden cooling was a special bigb-toniperatnre car- 
bide. But if we find that many dittbrout clemenis ((*arbou, 


I originallj attributed these latter results in large part to stress. Further redac- 
tion, however, has convinced me that I overrated tlie inlluenec of stnw ; and, 
especially in view of Moissan’s discovery that carbon can bo rotuiued m an nllo- 
tropic form of diamond by quenching highly carburetted iron, I now iiudino to th<» 
opinion that the greater strength of the central core is due to the ret(uition of tho 
iron in its allotropic condition, by the enormouH pressure in the oontor of tho bar. 
The center of the bar must, of course, cool much loss rapidly than tlni outsiih;, 
and common experience shows us that it is very much softer than the outsido. 
These experiments of mine, however, indicate that the interior is very mtndi 
stronger than the outside. I explain these facts by supposing that the rjipi<Hty 
of cooling gives a larger proportion of hardening carbon in the outside than in tho 
interior, whicli agrees with our observation of the well-known intense hardnosH 
caused by hardening high-carbon steel. F'urthei’, that the intense* pressuro in the 
interior outweighs the slower cooling there as regards preservation of the allotropic 
iron ; and this agrees with the observations that this allotropic iron, as in the <!aHC 
of manganese steel, while not particularly hard, is very strong. I am now pusli- 
ing these experiments farther. 

I must admit, however, that this whole lino of evidence is ns yet weak. We 
need much fuller information before we can put much reliance on it. 
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manganese, copper, etc.) all give the hardeiuiig-power, it is 
probable that they all act by preserving the allotropic condi- 
tion of iron. For we can see no reason other than allotropy 
why many different elements should happen to form with iron 
special strong high-temperature compounds, when no element 
forms such compounds with any metal other than iron, or con- 
fers the hardening-power on any other such metal. Allotropy, 
however — shown to occur in the case of pure iron, by the loss 
of its magnetic properties and by its retardations in cooling — 
is made a more reasonable and pi'obablo explanation of the 
hardening-power, the greater the number of elements which 
arc independently found capable of conferring this hardening- 
power. For while it is unnatural that all should happen to 
form strong, hard, brittle, high-temperature compounds with 
iron, xudess allotropy of the iron itself be the cause of those 
compounds, it is, on the other hand, reasonable and natural to 
sup])ose that if one — carbon — tends to preserve this known 
allotropic state of iron, others should have a like catalytic 
effect. 

Thus, the fact that manganese, like carbon, increases the 
hardening-power of steel, argues, in this view, for the allotro- 
l>ic theory, harmonijiing on that theory perfectly with the fact 
that 12 per cent, of manganese, as in mauganovse-steeh both 
prevents the retardations of cooling (the signal of the (*hange 
Irom the high-temperature non-magiietic to the low-temp(U’u- 
ture magnetic state) and presorves the unmagnotizableuess so 
characteristics of the high-tempciratnre state. 

Thus, wluclicver way wo look at it, tlie strengthening of 
these low-carboii irons argues for allotropy ; though this line 
of reasoning needs much Jiiller evidence to make it really 
cogent. 

0. On (1) heating a series of like steel bars to a given tem- 
perature al)ovo the upper retardations, (2) cooling eaOi of 
them slowly under like conditions, (3) arresting this slow 
cooling at various temperatures by sudden cooling, and (4) 
then examining the properties of the suddenly cooled bars, it 
was found that, while much of the hardening j)ower was lost at 
the low(T retardation, Ari, simultaneously with a marked change 
in the condition of the carbon, yet a couBulerablc loss of tlie 
hardening power occurred at the upper retardationB, without 
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change in the condition of carbon.* ISTow, though the carbon 
theory readily explained why part of the hardening-power was 
lost at Ar^ it certainly failed completely to explain why another 
part of it was lost at the upper retardations without change in 
carbon-condition. The allotropic theory, however, explains 
this latter fact readily ; for it is at these upper retardations that 
the allotropic change appears to occur ; and hence, it allotropy 
be a cause of hardening, we should expect part ot tlie Inirden- 
ing-power to be lost here. 

D. The magnetic phenomena have been shown, by a most 
beautiful piece of reasoning, to accord with the allotro])ie 
theory, t 

First, we must distinguish clearly between the teinponny and 
the permanent magnetism. The former decreases as the car- 
bon-content of the metal increases, and is greatest in pure iron ; 
the latter, occurring chiefly in hardened steel, increases at first 
with the carh on-content. 

The normal low-temperature a state of iron is magnetizable; 
the allotropic high-temperature /5 state is uumagnetizable. 

Temporary magnetism is due, in this view, to jxdariziug the 
particles of the soft a iron, to swinging them into a deiinite 
position relatively to the magnetizing force, just as pican^s of 
loose iron-filings are thus swung, rerinanent magnetism ivS 
due to retaining these particles of a iron in this spc‘<‘ifi(* posi- 
tion, and this, in turn, is duo to the intermixture ol‘the tinmag- 
netizable particles of § iron with the inagnctizahh^ ones oi' 
a iron. The inert /? iron, unmoved hy tlie magnet, a(^is as a, 
viscid matrix in which the particles of a iron are em*ased ; and 
it becomes the more rigid the more there is of it. It thus 
impedes the magnotization of the a iron; hut oiuh‘ this has 
been magnetized, and its particles have thus been swung into 
a given direction, the matrix of ^ iron restrains ])arti(‘k‘s 

thus polarized from swinging back into their original ]>osiiioiu 
and so makes them permanently magnetic^. 

Let us now sec how the more important facts taken H(‘parat(*ly 
agree with this conception. 

The presence of manganese lowers the tipper ladurdatiou- 

* Tlie writer, iim and Bled Inst, 180>, No. JI , pp. 291 H mf Prof. J. <). 
Arnold has confirmed this, though apparently unconsciously, No. L, 

p. 203.) 

f Osmond, Phil. J/ay., 5th series, vol. xxix., p. 511, June, 1890* 
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points, which as we have seen are identified with the change from 
the non-magnetic ^5 iron to the magnetic a iron, and if enough 
manganese be present, as in Hadfield’s manganese-steel, these 
points are brought so low that this change from to o. is so 
slight as to escape detection ; it is nearly suppressed. The role 
of manganese thus is like that which the allotropists assign to 
carbon, that of a brake, restraining catalytically the change 
from the high-temperature /? state to the normal a low-tempera- 
ture state. 

It ought, therefore, to be very difficult to magnetize manga- 
nese-steel, and it should even then be but slightly magnetiz- 
able, because the little a iron present is so rigidly held by the 
great mass of p iron. And this is the case. Manganese-steel 
can l)c magnetized appreciably only by enormous magnetizing 
jbree, and even then the magnetization is but slight 

Bel'orc going further, let us note a fundamental part of the 
allotrojuc theory, that carbon hinders the non-magnetic iron 
from changing back to a even during slow cooling, and much 
more efiectively during sudden cooling. 

This ex})]ains readily why the tempoi'ary magnetism decreases 
progressively as the carbon-content increases; because the more 
carbon is ])resent, the more /J iron remains even after slow cool- 
ing, and ])y clifierence the loss a iron there is to bo temporarily 
])olarized. 

It also explains readily why hardened steel has so much less 
temporary magnetism, hut so much more pormaneiit magnet- 
ism, tlniu the same steel uuhardened. For the sudden cooling 
which induces the hardening, further greatly hinders the 
change from /5 to a iron, thus giving ns an abundant matrix of 
/S iron ; but, in spite of the sudden cooling, a large quantity of 
iron changes back to a, so that we have just the eouditiotis 
Avhich j)erniit permanent magnetism — the joint presence of 
polarizal)le a iron, and of a viscid matrix of iron to hold the 
a iron in its polarized position, after wo cease to apply the 
external magnetizing force. 

In the same way we understand why the permanent magnet- 
ism of hardened steel incroasos with the carbon-content up to 
a certain point. For as the carbon increases, so will the matrix 
of /5 iron increase, and the more rigidly will it, therefore, hold 
the polarized a iron in its polarized position. 
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But, of course, when the increase in the quantity of /J iron 
goes heyond a certain point, then its eftect in increasing the 
firmness with which the polarized particles of o. are held fast, 
and in thus increasing the permanent magnetism, becomes outr- 
weighed by the corresponding diminution in the quantity ot a 
iron present to be held polarized. Burther increase in the 
carbon-content should therefore decrease the permanent mag- 
netism of the suddenly cooled metal, and this appears to be the 
case. 

In short, this theory indicates that, as the carbon and man- 
ganese increase, the permanent magnetism of the suddenly- 
cooled metal, starting from zero, should first increase, then 
reach a maximum, from which it should again descend to zero ; 
and this remarkable theoretical inference appears to accord 
with our observations. 

To recapitulate, we have four things : 

1. The retardations in perfectly carbonless iron ; 

2. The hardening-power of almost carbonless iron ; 

3. The loss of hardening-power at the ui)per retardations 
without corresponding change in carbon-condition, and 

4. The magnetic phenomena; — 

all of which seem in complete harmony with the allot ropic 
theory. But on the carbon-theory the first is wholly iiu'xpli- 
cable; the second and third are explicable only witli ditfunilty; 
Mobile, as to the fourth, no explanation on this theory has yet 
been offered, so far as I know. 

It appears to me thus that allotropy stands to-day in the posi- 
tion of natural selection, as so completely and readily <^xplain- 
ing well-verified facts, which thus far are not explicable readily, 
if at all, on competing theories, that w^c are eompidled to rec- 
ognize it as a probable cause. But in neither ease are other 
contributory causes excluded by any of our evi<h‘n(*e- To-day 
very many cautious but advanced thinkers, while recognizing 
natural selection as a powerful cause in evolution, are by no 
means satisfied that it is the sole cause. And this position, 
which appears to me wholly logical, I hold with regard to the 
allotropic theory. 

Two chief considerations have led me to this view, that the 
condition of carbon also probably plays a very important part 
in hardening. 
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1. Even ill case of steels which undergo the upper retarda- 
tions in addition to Ar^, much of the hardening-power survives 
these upper retardations^ which mark the allotropic change, 
and is lost at the time when the carbon changes from the hard- 
ening to the cement or non-hardening state, at the retardation 
Afj, which has already and independently been well identified 
with that change in carbon-condition. 

At first this seemed very cogent; but on reflection I must 
confess that it loses much of its foi'ce. The allotropists may 
argue, and with reason, that though in cooling much of the 
iron changes from ^ to « at the upper retardations, yet much, 
and in some cases most, of it may remain /5 till Ar^ is reached, 
and there change back to a with the change in carbon-condi- 
tion. They may further point to the fact that the loss of the 
hardening-power does not agree closely, even at Ar,, with the 
change in carbon-condition, but rather lags behind it, indicating 
that the caihon-condition is not the primary cause, but only a 
conconntunt, or at best a proximate cause of the loss even of 
this part of the hardening power. They may further point out 
that the distribution of the hardening carbon in 0.20-per-ccnt. 
carbon-steel, when quenched between the upper retardations 
and A?’j, does not satisfactorily explain why the metal is so much 
stronger than wlien quenched below A?\. For this carbon ap- 
pt‘ars to be distributed in the form of isolated specks of carbide, 
and it is difficuilt to understand bow tbese unconnected specks 
can HO greatly increase the tensile strength of the metal.’*' 
Specks of strong steel suspended in a bar of wax should not 
greatly increase the teuBile strcngtli of that bar as a whole. 
The allotropic theory, however, explains this with case, by 
simply assuming that part of the change from to a occurs at 
and even below Ar^f thus cxi>laining why the loss of the harden- 
ing-power may lag behind the carbon-change. 

They may furtlujr argue that, after all, we have no positive 
demonstration that tlio apparent change in carbon-condition is 
a real one; for it rests on a ditfcrenco in the behavior of the 
(*arbon towards chemical reagents, and this difference may he 
due solely to the ktiown diffei^euce in the mechanical mode of 

^ A, Sauvetir and the writer, Jomt. Iron andSted Inst^ 1890, No. I:, p. 170. 

t 1 apprecnate that such assumptions must be pretty exasperating to those who, 
with a persistency which would bo commondable were a moral principle at stake, 
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distribution of the carbide, and this in turn may be governed by 
the proportions of ^ and a iron present. 

This piece of evidence thus appears rather equivocal. I do 
not see that it really opposes either theory strongly. 

2. The other of the two chief considerations to which I have 
just referred is this. The allotropic theory explains the peiina- 
nent magnetism of hardened high-carbon steel, and the unmag- 
netizableness of manganese-steel, by holding that the former 
contains both much of the magnetizable a iron, and also much 
viscid ? iron, while the latter contains hardly any a, and there- 
fore consists almost solely of,? iron. Now, if this were true, 
and if /3 iron Avere the sole hardening agent in hardened steel, 
then manganese-steel ought to he much harder and much more 
brittle than hardened steel; while in fact it is much softer and 
incomparably less brittle. The carbon-theory may meet this 
ease fairly, by holding that hardened earbon-stecl is hard and 
brittle because the non-manganiferous martensite, or Avhat 
Professor Arnold calls sub-carbide, is intensely bard and brittle, 
but that a manganiferous martensite, or an irou-mangane.so 
sub -carbide, is not. 

It is, of course, a serious thing for the allotropistw that the 
very compound wliicli should contain the most iron hudes 
the two most characteristic qualities of hardened normal liigh- 
carbon steel, its glass-hardness and biuttlcncss, with wlfudi wo 
are all so familiar. 

The allotropists may indeed make a not unreasonable r<qdy, 
somewhat thus: Of course the presence of some 14 pea- cent, 
of manganese, which is about what this unmagnetizahle inai^- 
ganese steel contains, whether it cuter into the moliunih^ of ji 
iron, or simply accompany it in solution or intimate mixturis 

refuse to recoj?nize allotropy even as a possible contributory (MUihc of 
But they jmist remember that, jnst as the motion and prupox'tieH of an inviMihle 
Neptune could, be learned only through the perturbations whicli it caused in the 
motion of other planets, so the behavior, properties and influence of an ximlc" 
tectable allotropic /s iron cannot be formulated a prwHj and can be learned only 
through the perturbations whicli it causes, through the diwcrepancieH which 
it causes between the degree of hardening and the condition of carbon. 

The allotropists, on the other hand, should recognize that this very inability to 
check their speculations by direct determination, either (piaiitative or <|uantita- 
tive, of the actual allotropic condition of the iron, demands of them great (*aution 
in thus speculating, and demands of their necessarily circumstantial evidence that 
it compensate by its completeness for its indirectness. 
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naturally should have a great efteet; and there is no reason why 
it should not have this specific effect of lessening the hardness 
and brittleness. Hence in spite of its being less hard and brit- 
tle than hardened high-carbon steel, manganese-steel may yet 
have much more iron.” 

Moreover, the carbide of iron, cementite, which we clearly 
recognize as a substance much harder than hardened steel, 
contributes to the hardness of carbon-steel, both when hardened 
and when unhardened. It may, indeed, contribute more 
powerfully when in hardened steel, because there it is more 
uniformly distributed than in tlie same steel unhardened. It 
is but natural that, if manganese enter into this carbide, it 
should lessen its hardness.” 

But this explanation, while neither illogical nor unreason- 
able, seems to me labored and not cogent. 

Therefore, while I think it probable that the strengthening 
of practically carbonless iron is due chiefly to allotropy, and 
that the hardening of the low-carbon steels in general is in con- 
siderable, and often in large part due to allotropy; and while 
I heiuH' infer that allotropy probably plays an important part 
in the hardening of the high-carbon steels also; and while it 
se(‘<ms much the most reasonable explanation of the niagnctic 
phenomena-: yet the enormous increase in hardness which we 
get (Ml sudiUnly cooling high-carbon steel, and nowhere else, 
roughly proportional as it is to the cai'hon-content, seems to 
me, especdally in view of tlic I'olative softness of manganese- 
steel, to raise a [iresumption, which our present eviden(‘o and 
argument ia-il to overcome, in favor of the vienv that a spe- 
cial high-t-em])erature comhination of iron and earlion con- 
trihut(\s jaiwendnlly to the hardening of carhon-stcel in general, 
and (‘sp(‘, (daily is a very important cause of the two most strik- 
ing etiecls ol‘ hanUning, glass-hardness and hrittleness. 

Jhit, with our present imperfect evidenen, such views should 
be provisional. While f cannot now see how it is ]n>ssihle that 
the condition of curlion ever should explain all tlic facts, it 
seems to me hy no means improhahle that further evidence may 
show that allotropy is the solo primary cause of liardening 
itsel(‘, /.c., of the (*hm}(/e^ induced by sudden cooling. 

* 1 nay of thin change, becauHO it Heomn in the liigheat degree iinp^<d)ahle that 
it can ever be nhown that tlie greater hardnoHH of high- than of low-earlain steel, 
when annealed, is not in large part duo to the presence of iron-carbide, cementite. 

VOL. XXVIX, — GO 
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Be it clearly niiclerstootl that these two possible causes are 
certainly not mutually exclusive. Those who admit that one oi 
the other may he the cause, must admit that both may con- 
tribute. Holding this to be the most probable explanation, I 
think that our aim now should be to learn in what proportion 
each does contribute under given conditions. 

I do not see why we are forced to choose one and reject the 
other any more than, because I cannot question the power of 
natural selection, I must hold that no other force contributes in 
evolution. 

Some, among them valued friends, have represented me as 
trying to reconcile theories and even parties. The compliment 
is left-handed and, I think, gratuitous. The inquirer has to 
reconcile facts, not factions. In considering scientific phe- 
nomena, he should reject the motive of reconciling theories or 
people. His mental processes should bo governed by one 
motive only, the search for truth. With given data, this sole 
motive must lead a given mind in one certain path, ddiat any 
other motive influences that mind, by definition inqilies that it 
deflects that mind from that path and dishonors it. 

The carbo-allotropic theory, as I first formulated it, suggesti'd the 
existence of a carbide of an allotropic state of iron. The ob- 
jection which was raised, that the retention of an allotropic 
modification in combination is opposed to chemical laws, seems 
to me neither tenable, nor, indeed, intelligible. When chal- 
lenged, the gentleman who raised it has failed to cite a single 
law thus opposed. In fact, our present coneei>fions are in part 
based on the retention of isomerism in combination, and this 
differs from the retention of allotropy only in relating to 
specific groupings of unlike atoms instead of to si)eeilic group- 
ings of like atoms. But the retention of specific gi’niqiings of 
like atoms, far from being opposed to our theories, in reality 
forms an important part of their foundation. b\>r our vii-ws 
of the constitution of organic compounds really rest on the. 
belief that the atoms of carbon in such hydnu-arbons us lum- 
zene, C5H5, olefiant gas, CJI^, and marsh ga.s, arc grouped 
together in certain characteristic modes, and that these modes 
of grouping of those like carbon atoms persist in the (Uu’iva- 
tives of these hydrocarbons. 

Further, not only has the idea that allotropy can be preserved 
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in combination long been a familiar one, but such chemists as 
Berzelius, Brodie, and apparently Berthelot, not to mention De 
Cizancourt and D. Berthelot, have asserted specific instances 
of such preservation. Indeed, Brodie's belief that carbon re- 
tains a peculiar allotropic condition in graphitic acid and the 
graphitates, is widely accepted as a reasonable explanation of 
the phenomena. 

We may difter as to whether, in these specific cases, the pre- 
servation of allotroj)y in combination has actually been proved; 
indeed, few will now think Berzelius’ evidence sufficient; but 
we cannot say that the conception is opposed either to chemical 
laws or to chemical theories.* 

However, to this feature of the tlieory I attach little weight. 
It was put forth tentatively and with reservation, in the hope 
that it might aid in clearing up this complex problem. The 
feature to which I do attach importance is that both carbon- 
condition and allotropy play an important part in hardening. 

Mr, Siuweur's explanation^ put forth in the last two pages of 
his paper so ably, with such modesty, and with the caution so 
proper in a man of science, is most suggestive and instructive. 
I have gladly borrowed his ideas in what I have just said. 

As T undei'stand, he regards the variations in structure as the 
proximate cause, not only of hardening, but of the various 
changes induced in the properties of steel by thcianal treat- 
ment. In this way important laws may be formulated, and for 
many this explanation of the cause of hardening may snfiice. 

I think, however, that Mr. Sauveur and some others will 
wish to peep behind this curtain and ask vdiat the primary 
causes ol* these structural changes are, and I understand Mr. 
Hauvenr’s words, ‘^‘^the saturation-point of carbon for iron is 
lowered at the two upper cintical points,*" to admit that ibese 
structural (tuinges are, after all, only proximate causes, and that 
behind ihem must lie at least one primary cause, residing in the 
rdations between iron and carbon. These words of his seem 
to imply that, at these critical t)oints, either (1) some carl)ide of 
iron or (2) a sohitioii or a mc(*hani(*al mixture, is dissodated ; 
or (3) that both a carbide and a solution or mechanical mixture 
are so dissociated. If, now, we push behind these proximate 

* ThoHC intowHted in tluH question may well consult D. Berthelot ’ b CBsay, I>e 
FAlloti’ 0 |)ie des (-orps Simples,’’ Btcinheil, X’aris, 1804. Full comments of mine 
on it may he found in the Jour, of the Inm and Sted Imt , 1897, No. I., pp. 212-228. 
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striictural causes of hardening to seek the primary cause, tho 
first of these two suppositions would, I fancy, land us with the 
carbonists, the second with the allotropists, and the last ^^it}l 
the carbo-allotropists. 

The reason why the second would land us with the allotio- 
pists is that, as the temperature rises, the dissociation of a 
solution or mechanical mixture should occur, not with a bound, 
but progressively, unless some component changes its state or 
changes allotropically. As no change of state occurs, the sud- 
denness of the changes at the upper retardations thus implies 
that, if it be not a carbide that dissociates, then either the iron 
or the carbon changes allotropically. But, while we have no 
evidence that carbon here changes allotropically, (1) the retar- 
dation of carbonless iron accompanying the loss and recovery 
of the magnetic properties during heating and cooling respt'c- 
tively, and (2) the great strengthening of almost carbonless iron 
by sudden cooling, are strong evidence that the iron does 
change here allotropically. 

Prof. Arnold's Theory . — I agree with Mr. Sauveur, both (bat 
Professor Arnold’s experimental results are of very great a alue, 
and that they do not at all justify the inferences Avhicli he draws 
from them. The important novelty in his theory is its assign- 
ing to the carbide of iron, previously supposed to form at, high 
temperatures, a distinctive name, subearbide, and a special com- 
position, Fe^^C. This formula is based chiefiy on the fact, that, 
as the carbon-content rises, some important properti('S of steel 
reach a maximum in the neighborhood ot 0.90 per cent, of 
carbon, corresponding nearly to the composition Fe„t'., and 
that the pearlyte of unhardened steel is apjn’oximately of this 
composition, and is somewhat segregated, instead of being uni- 
formly distributed. 

Tho existence of this maximum-point, as rc'gards temu-ity, was 
previously known; but Professor Arnold’s invaluabU^ t‘vi<lemH‘ 
showed not only that it applied to some other jiroperties, hut 
why it applied to them. Thus far he deserves great gratitudm 

But we cannot justly infer from tho existtuice (tf tliis maxi- 
mum-point, which he happily calls the saturation-point, that 
the subearbide has this definite formula. The martensite, which 
contains this subearbide, varies very widely in composition. 
This wide and continuous variation shows that martensite is 



MICEOSTRUCTURE OF STEEL AND THEORIES OF HARDENING. 923 


eitlier a solution or a mechanical mixture. Whichever of 
these it he, the existence of a inaxiiiiiim-poiiit coiTespondiiig 
to 0.90 j)er cent, of carbon is no more evidence that one coni- 
l)onent of that solution or mixture also has that composition 
than the existence, in a series of granites, of a maximum com- 
pressive strength for a certain given ultimate composition would 
bo evidcuce that one component of granite always had that 
composition. 

I fail to see that the composition and the partial segregation 
of the pearlyte have any hearing whatever on the question. 

We must recollect that probably hut few of those who 
accepted Professor Arnold’s theoiy were thoroughly familiar 
with the evidence and arguments supporting the allotropic 
theory. The language of some of his best supporters sIioavs 
that they were not. Indeed, much of the most cogent evidence 
has come to light since Professor Arnold wrote. 

Nomendaiure . — If reason additional to those given by Mr. 
Sauveur for the use of the names ferrite, cementite and pearlyte 
be needed, it exists in the fact that these names wore proposed 
with the written approval of Pr. Sorby, the discoverer of those 
sul)stauees. Tlierefore, according to the 'vvell-recognized law of 
priority, these are the natues de jure, I believe that tliey arc 
also the names da fartOy i,e,j that they are now used by a ma- 
jority of the best writers. If this be true, the use of other terms 
is a Inirdly justifiable impediment to the advance of knowledge. 

The objeciion to the name martensite, tluit this Rnbstance is 
not of uniform composition, but varies within wide limits, I 
(uumot (*ompx*ehcud. Granite, syenite, trachyte, and dozens of 
other lithological si)ecieB, have not deiiuite but widely varying 
compositions. The point to retuember is that martensite is a 
distincf entity, bo it ol‘ constant or varial)lo composition; ami 
that it is oi* such importance that the convenience of language 
demands that it shall have some distinctive specilic name. d\) 
suppose that specific uames are to l)e given to things only of 
constant eom])osition is to ignore lithology completely. Tlun‘e 
is no reason why lithological entities, as well as mineralogical 
entities, sliould not in metallography receive distinct speiufic 
names. 


Mr. Bauveue: I am gratified at the amonut of valuable dis- 
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CTissioii called forth by my paper, and grateful for the friendly 
and indulgent tone of the criticisms. 

From a careful reading of these remarks it now appears that 
while there are four main theories put forward to explain the 
hardening of steel by sudden cooling from a high temperature, 
yet when we come to examine the question closely we find that 
there are actually seven difierent ways of accounting for the phe- 
nomenon. These are summarized in the following table, in 
•which the main theories are called respectively the carbon 
theory, the carbide theory (this includes Prof. Arnold’s), the 
allotropic theory, and the carbo-allotropic theory. The names 
of the metallurgists supporting in the present discussion the 
various explanations are given in the last column. 


T. Carbon theory 


II. Carbide theory . 


III. Allotropic theory 


Condition of Carbon and 

Iron at a High. Temperature, 
Which Being Retained by 
Sudden Cooling Produces 
Hardness. 

^ 1. Carbon in its normal 
state (graphitic?) dis- 
solved (decomposed 
into its ions?) in iron. 

2. Carbon in a hard 
state (diamond ?) dif- 
fused (dissolved?) in 
the iron. 

f 3, Carbide Fe^jC form- 
ing totality of the mass 
in saturated steel ( 0. 90 
percent of carbon) but 
diffused through iron 
in softer steel. 

4. Carbide Fe..tC diffused 
through iron. 

5. Carbon diffused (dis- 
solved?) through a 
hard allotropic condi- 
tion of iron. 

6. Carbide Fe.}C diffused 
through hard allo- 
tropic condition of 
iron. 


IV. Carbo-allotropic theory , / of allotropic 

^ iron. / 


Supported by. 


Ledebur. 


" Scott (tenta- 
tively). 


Arnold. 


Sauveur(t(u]i- 

tatively). 


Osmond and 
Koberts- 
Austeu, 


Howe (ttmta- 
tivtdy). 


It is believed that by summing up in this way, at tlm begin- 



MICROSTllUCTURE OF STEEL AKD THBOEIES OF HARDENING. 925 


ning, the views expressed in this discussion, the following re- 
marks will gain in clearness and interest. 

Prof. Ledebiir takes exception to my way of stating the car- 
bon theory, yet I do not see an^dliing in his presentation of the 
question which is not included in mine, and especially in Mr. 
Howe’s description, which I quote on page 890. I concede that, 
with reference to the condition of the carbon above the critical 
range, hardening state” expresscvs Prof. Ledebur’s view more 
accurately than hard state ” (which, indeed, was a slip of the 
pen), although “ dissolved state ” would be better than either. 

And here, at the outset, we very much feel the need of more 
positive statements with regard to what the school of metal- 
lurgists to which Prof. Ledebur belongs means by a solution ” 
of iron and carbon. Do they understand by it a mere ditiu- 
sion, although extremely minute, of the carbon in a matrix of 
iion, or do they consider the carbon as being actually dissolved 
into the iron, in the chemical sense of the word ; the carbon in 
such case in its normal state (gra])hitic ?) being decomposed 
into its ions (graphitic ions?) if we accept the electrolytic 
theory of solution ? That this question must be asked and 
that it ca,n prol)ably receive only a confused and unsatislactory 
answcn* is a further illustration of our ignorance regarding the 
true nature of solution. 

From Prof. Ledebur’s remarks we certainly gather the im- 
pression that, lie attributes the liardening of steel not so much 
to a. hard condition of the carbon as to the fact that the carbon 
is dissolved in the iron. Might it not be argued with nearly 
as much reason that the saline taste of sea-water (li(piid or 
solid) is due not so much to the taste of the salt (indeed, is quite 
indepemhmt of that taste) as to the fact that the salt is dis- 
solved in the water? We know, however, that the salted taste 
of the solution comes from the taste of the salt; that if the 
salt did not liave a saline taste no amount of dissolution (muld 
impart siudi taste to the solution, and that the more salted” 
the salt the limre pronounced will bo the same taste in the so- 
lution. Must not the attributes of a solution be intermediate 
l)etw(Hm tliose of its (jompouents? and do not the same laws 
apply to the me<hanieal properties of what might be termed 
solid or fro/A'.u sohilions ?” (bin the mere solution of two 
Bubstanees, neither of them very hard, produce a whole of ex- 
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treme hardness ? Is there any known fact which would justify 
us in answering the question in the affirmative ? Would it not be 
strongly suggestive, even conclusive, of chemical combination ? 

If it be true, then, that mere solution of two relatively soft 
substances cannot produce a compound of extreme hardness, 
we must assume that one of them is itself in a very hard state 
in order to explain the hardness of the product. The allotro- 
pists say this one is the iron; the carbonists must say tliat it is 
the carbon. If the dissolved carbon were of the soft grapliitic 
variety, no amount of dissolution could produce the extreme 
hardness of the resulting solution. 

In a word, while it might be admitted that caihou in a dis- 
solved condition would increase the mineralogical hardness of 
the mass more than when disseminated throughout tlie iron in 
relatively large segregated particles, nevertheless it is the hard- 
ness of the carbon itself which must be the principal cause of 
the hardness of the mass. Therefore, we place the carbon- 
ists” in the most favorable position to defend their iheory by 
assuming that the carbon of quenched steel is of adamantine 
hardness. Even then, however, it is difficult to nndersland, 
and Prof. LedebuPs remarks do not in any way heli) us in tliis 
direction, how one part of carbon, however hard, dissohaal 
throughout 200 parts of soft iron (C 0.50 to Fe 99.50 per taaih), 
can produce the intense hardness of steel of smli composition, 
which has been suddenly quenched from a liigh tmnpm’atun*. 
Until this point has been brought within the range of our (*oni- 
prehension, the carbon theory must still fail to satisfy many 
metallurgists. 

Will it turn out that, after all, the carbonists mean (hat (he 
carbon in hardened steel is combined with a cer(ain amount of 
the iron, forming a definite carbide, itself very hard, and dis- 
solved through the iron ? This would make tlu‘ir hypo(lu‘sis 
identical with what is hero called the carbide theory. Prof. 
LeclebuFs description scarcely warrants such an infenuung ami 
if it bo, nevertheless, correct, it should be stated posilively ami 
without ambiguity. 

Professor LedebuPs account of the separation of tlu^ dis- 
solved carbon from the general mass during slow cooling is not 
absolutely correct. Supposing that the carbon is in Holution m 
such when iron is in the molten state, the mi(U-os<.*ope shows 
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that on solidifying the metal can only retain about 0.90 per cent, 
of carbon in the dissolved condition (martensite). On slow 
cooling, during the critical range, the martensite is changed 
into pearlyte (hardening carbon into cement carbon), yielding, 
besides, an amount of free carbonless iron (ferrite), which is the 
greater the less carbon there is in the martensite. If the steel 
contain moi’c than 0.90 per cent, of carbon, the excess on so- 
lidifying separates as Fe^C (cementite). When a large excess 
of carbon is present, the cementite segregates in irregular 
masses distributed through a matrix of martensite in qiionehed 
steel, and of pearlyte in slowly cooled steel (Figs. 15 and 16, 
Plate I,). When the steel contains only a small amount of car- 
bon above 0.90 per cent., then, and then only, does the free 
cementite form a net-work (a membrane) around the grains of 
l)carlytc (Fig. 14, Plate I.). 

Prolessor Ledebur says that the carbon theory rests upon the 
investigations of Rinman, A.kerman, Milllcr, Abel, Osmond 
and others. By this ho can only mean that the theory rests 
upon the fact that the behavior of the carbon of hardened steel 
is different from that of the carbon of unhardened steel, when 
treated with cold dilute acids, from which it is inferred that 
the (airbou in hardened steel exists in a peculiar condition 
(hardening state). This is a fact which the above-named sci- 
oiitists have (‘onelusively established, and which Profc\ssor Led- 
ebur has eoutirmedby numcirous analyses; but F am not aware 
that, they hav(s done anything else to prove the correctness of 
the carbon theory. 

Proiiissor Leulebur says that the microscopist must be able 
to segregate and examine separately the bodies which he be- 
lieves lumself to have detected^' before much weight can 1)0 
acc*<>rdod to his methods. If the same threat wore held ovx‘r 
all tlu^, s<*i(».n<a^B in which the microscope plays an inipoidant 
part, I huir their progress would be Beriously im[>oded. But 
the (‘.ritihsm is not ho very weighty in this case, after all ; for 
the mi(‘ros(*opist simply claims to tiud in steel four principal 
itncu’o-couRtituents, namely, ferrite, cementite, pearlyte and mar- 
tensite. The first, ho says, is carbonless iron; the second, the 
carbide Fe-^P; the thii'd, an intimate mixture of the first two; 
while tlu^. nature of the last constituent is still a subject of con- 
troversy. 
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With regard to ferrite, it would be superfluous to offer hero 
any evidence to prove that it is iron free from carbon. It can 
he found segregated in any quaiitityj since it forms nearly the 
whole mass of wTOught-iroii; neither shall I attempt to again 
recall the numerous evidences which go to show that the hard 
constituent which the microscopists distinguish in the structure 
of steel, and which they call cementite, is the carlndc Fe.,C. 
They have often been stated, and are conclusive. Moreover, by 
dissolving very slowly a thin plate of hard steel the (‘emeiititc 
will be left undissolved in the same position which it occupies 
in the structure, and if analj'zed will be found to be the caihidc 
Fe,C, This meets Professor Ledebur’s requirement. 

It is, peihaps, not so easy a task to convince the reader that 
the constituent pearlyte is merely an intimate mixture ofherrite 
and cementite; yet the evidences offered are quite comtlusive, 
and the only one which I shall give here ought, it seems to me, 
to remove all remaining doubt. If a piece of saturated steel 1)0 
annealed, it is composed entirely of lamellar pearlyte, made u[>, 
we know, of very thin layei’s, alternately hard and soil All 
indications lead us to the conclusion that the hard layers are 
cementite and the soft ones ferrite. But if, like Jh*oiess(vr 
Ledebur, the reader refuses to hclicvc that such is the eoinposi- 
tion of the thin layers, unless he can segregate and analyze 
them, let him dissolve this stool in cold dilute hydrochloric 
acid. ITe will obtain a residue containing pratdieally the total- 
ity of the carbon, and made up of thin plates, wliiidi, upon 
being analyzed, he will find to luivc a composition corrisspotid- 
ing to the formula FeyC. Does not this prove that tlu^ liard 
layers of pearlyte are cementite, and that the soft ones, tlu‘re- 
fore, are iron, or fciTitc ? 

The systematic study of those four constituents, of tluur mode 
of occurrence, of their distribution and relative proportions in 
steels of different composition and submitted to various treat- 
ments, has thrown much light upon questioiiH impcndet^tly un- 
derstood, and seems destined to clear away many ol* the diffi- 
culties which still surround the physics of steel. While it is 
difficult at the present time to form a correct estimaii^ of the 
practical value of metallography, those metallurgists wfio have 
kept in touch with its developments will admit, L think, that it 
will probably stand some day side by side with <ihenn<*al analy- 
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sis in importance and usefulness. Of this ultimate result/’ 
says Professor Martens, no one can doubt, who himself has 
carried on these researches, or even has had the opportunity to 
study a collection of metal slides.” The two methods of test- 
ing will complement each other, for it is precisely where chem- 
istry fails to give us the needed information that the microscope 
comes to our assistance. 

I think tliat Mr. Hadfleld is not what has been called here a 

carbonist,” l)ut rather supports some form of the carbide 
theory, for he does not attribute the hardening of steel to the 
action of carbon as such, but to the influence of some carbide 
of iron, itself intensively hard. With regard to Mr. Iladfield’s 
reference to a note written by Mr. Howe and myself,* I must 
say here that I shared without restrictions the views expressed 
in that communication, which views do not in any way conflict 
witli those given in the present paper. Our concluding re- 
marks were of a very conservative and undogmatic eliaracter, 
as will be seen from the following quotation : 

Those snggostions are offered in the hope that they may aid in finding the 
true exphination of this complex matter. We will not dignify them with the 
mime of hypothesis, macdi less with that of theory, believing that an unfortunate 
cfToct of insisting prematurely on theories is to bias the theorizor for, and almost 
everybody else against, hi.s theory, and thus to interfere with the judicial frame 
of mind in which these (piestions should be approached. 

‘^For the same reason we express no opinion here as to the merits of the allo- 
tropic theory, preferring to await further information, and especially because we 
a, re ounselves studying microscopically a matter which has lent this theory one of 
its very strongest supports, viz., the great strengthening which almost carbonless 
iron undergoes on <pienching.^^ 

Mr. S(‘ott cnllis nttentiou to an apparent disagreement be- 
tween Fig. 1, illuHtratiug the poj^ition of tlie critical points, and 
Fig. 5, sliowing the changes of structure occurring during the 
slow <H)oling of a steel containing 0.22 per cent, of carbon. 
The (‘hanges of structure taking place iu this steel corrcsi)ond 
exactly with ?As‘ criti(‘al points, and iu every respect confirm my- 
proposii.iou that each critical ])oiut is accompanied by a 
struetural (kange wliich begins and ends with it, and that in 
the ranges of temperature where there is no critical point we 
lind no structural change.” Tn this special case, how(wer, the 

* “ Further NoU' 8 oil the Hardening of Steel.” Jow, Iron awl Steel Institute, 
No. 1, 1800, p. 170. 
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critical points do not occupy the positions they should have, ac- 
cording to Fig. 1. As I have stated, this last diagram was oh- 
tained by platting the results of previous investigators us ^vell 
as my own ; and it will be found tliat with a verii feio cxeeptiom 
the evolutions of heat always occur within the limits here indi- 
cated. Mr. Howe’s steel is apparently one of these exceptions. 
Ar^is here missing (that is why we do not hnd any structural 
change between 80^0° and 750° C.); and, as Mr. Scottm-ennirks, 
Atj and Ar, occur at temperatures lower than usual. This steel 
contained a relatively large amount of manganese (1.19 per 
cent.) and of other impurities (0.31 per cent, silieou), wliicdi 
probably accounts for the abnormal position of the eritiwil 
points. Indeed, Professor Arnold, on repenting t1n> experi- 
ments carried on by Mr. Howe with a steel containing the same 
amount of carbon but much less impurities (0.0,5. per cent, 
manganese and 0.05 per cent, silicon), found three, distiiut 
critical points, occurring respectively at 782°, 733° and ()8t>° 
0., which positions are in. agreement Avith the diagram ot my 
Fig. 1. 

Mr. Scott thinks it hardly possible to account fur the, hardmi- 
ing of steel by a mere ditfusion of the carbide Fe.,(' in the 
iron, and still he considers it reasonable to sup}) 0 .se iliat, din- 
moud distributed through the iron in like manner might, ex- 
plain the phenomena. Now, while it is far from hcdiig my in- 
tention to insist that the ditfusion of the earbiik^ (•an 

produce the extreme hardness of (luonched steel, it. stunus to 
me that it is just fifteen times harder to coneeive that it is (hu‘ 
to carbon in an adamantine condition, hecaiuse the earhuh' Fi'/l 
(6.67 0 + 93.33 Fe) would constitute a proportion of tii(> muss 
fifteen times greater. 

With regard to the hardness of eemeutite, 1 kmnv of no rea- 
son whatever for supposing that it varies. That cement it e is 
the hardest of all the eoimtitueuts is certain, laa'anse it is 
ahvays the one which stands in relief Avhen a [»iee(‘ of Hl.e<'l is 
polished on a soft support, even in the presemu' of martensite, 
as in the ease of quenched high-earhon steel. 

Dr. Muller* compares the hardness of ecinciitite to that of 
feldspar or No. 6 of Mohs’ scale. Professor Behrens, I believe, 
also attributes to it a similar degree of hardness. 


* Stahl %nd Eisen, 1888, voL viii., p. 202* 



MICROSTRUCTURB OF STEEL AND THEORIES OF HARDENING. 931 


I believe Mr. Scott would find it very difficult to cut the 
steel of Fig. 16 with that of Fig. 11. The stout layers of 
cemeiitite of the former sample will resist abrasion, being 
harder than the martensite which constitutes the whole of the 
latter. A steel like that represented in Fig. 14 will easily be 
cut by that of Fig. 11, because here the plates of free cemeutite 
arc extremely thin, and being also very brittle, will break ofi:' 
as they come in contact with the moving tool of martensite. 

Mr. Scott ably revives the diamond theory, and whatever may 
be said against it, it is a more acceptable explanation of the 
hardening of steel than that offered by those earbonists who 
claim tliat carbon need not be hard to produce extreme hard- 
ness ; tliat mere solution can account for that result. 

AVith the explanation offered by Mr. Scott for the absence 
of diamond dust in the residue from the solution of hardened 
steel in acids I am in sympathy ; for it is indeed exactly in this 
way tliat I would account for the volatilization of the FcjO 
which I belie\'o to exist above the critical range, and therefore 
in the (pienched metal. According to Professor Jenkins, how- 
ever, such (jliemical activity could not e.xist, unless the carbide 
Fe,,C were in a dissociated condition, no longer a carbide. 
On the other hand, Mr. Osmond tells us that “. . . the minute 
stale of division of the carbide FcjO c-Njilaina sufficiently well 
the readiness with which it could be attacked by hydracids. 

. . .” Tliispurely chemical question, therefore, is not settled, 
and dcserv'cs careful investigation. 

I have no doubt that good etchings can be made with very 
dilute acids; and T only meant to state that in order to obtain 
by this method results as good as those yielded by the con- 
<*entrated acid or iodine process, more skill was required, and 
that the attempt was accompanied by frequent failures. At 
least, such has been my experience. 

Professor Arnold says that the present paper has i-emoved 
any doubt which (iould have existed in his own mind regard- 
ing the wisdom of caution in adopting the nomenclature used to 
describe the micro-constituents of .steel, but at the same time ho 
declares that the names “ lerritc ” and “ cemeutite ” are admi- 
rable, thus unreservedly endorsing half of such nomenclature. 
In the interest of metallography I welcome his partial en- 
dorsement. Ih-ofessor Arnold sanctions, moreover, the use of 



932 MICROSTKUCTTIEB OF STEEL AND THEORIES OF HARDENING. 


the term pearlyte, objecting only to its being applied to both 
varieties of the constituent, namely, to granular and lamellar 
pearlyte. He proposes to call the first one “ sorbite,” and to 
retain the term pearlyte for the second variety. I believe this 
course should be opposed vigorously, because we are evidently 
here in presence of two varieties ot the same substance, and to 
give them two difterent names is decidedly objectionable. One 
might as well claim that a substance susceptible of crystallizing 
in two systems, or of assuming two different structural arr’ange- 
ments with corresponding variation of its physical proiterties, 
should bear also two different names. In certain steels, the 
two varieties of pearlyte pass into each other so gradually that 
it would be impossible to tell where sorbite begins and pearlyte 
ends, or vice versa. 

Professor Arnold’s objection, that when the constituent is 
granular, lacking therefore in interference-colors, the name 
pearlyte loses its fitness, has more weight, but is after all of 
little moment. There is certainly groat justice in giving the 
name of sorbite to one of the constituents of steel ; hut. if it he 
applied to the composite constituent, then it should be to both 
varieties, one being called pearly sorbite, the otluu- granular 
sorbite. 

If it could be conclusively shown tliat martensite is iron eon- 
taining finely divided Fo^C, it should of course become a thiial 
variety of pearlyte, and should bo named accordingly. 1 did 
not consider, however, that on a mere suggestion regarding the 
composition of martensite I would he justified in proposing to 
change its name. 

Professor Arnold objects to giving any name at all to niur- 
teiisite, because its properties arc not constant. His la'asoning 
could he applied to steel with as much force, for of .st(‘el also 
it might be said that “it is very soft and flint-bard that “it 
readily fioAVS under crushing strcs.s, but is incapable of com- 
pression ” — ^therefore it shoulu not have any name. Martensitt; 
is, however, avery distinct constituent, and should lx; troate<l as 
such. 

Prof. Arnold will notice thrit I do not appeal to priority in 
the case of martensite. Such appeal referred only to the first 
three constituents. Hardcnite, as Prof. Arnold says, bus the 
right of priority. I have not adopted it for two reasons. The 
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first is, that while it will do very well for English-speaking 
metallurgists, it is meaningless and objectionable to those of 
other nationalities. The second reason is that Mr. Osmond 
was the first to study and describe, to any extent, the character 
and mode of occurrence of this constituent, and had therefore 
some right about the choice 6f a name. 

Prof. Arnold still believes that the evidences point strongly 
to the existence of his sub-carbide Fe 2 ^C; but he no longer in- 
sists that the dark areas of quenched steel (martensite) are 
always made up of that sub-carbide. Such a position was, in- 
deed, untenable. He now admits that his carbide, which forms 
the total mass when the steel contains about 0.90 per cent, of 
carbon, in unsaturatcd or low-carbon steels, is dissolved or dif- 
fused through the iron, forming with it a micro-mechanical 
mixture. 

Prof. Arnold gives us his reasons for doubting the possible 
segregation into distinct masses (of iron and carbon) of the dif- 
fused carbon. He argues tliat if the carbon did exist evenly 
dilfusod through a matrix of iron, and if it did segregate into 
distiiu't masses, such arrangement being retained by sudden 
cooling, upon dissolving the metal wo should find the carbon 
in the residue, while, on the contrary, it escapes as liydrocarbons. 

What Prof. Arnold, in fact, here questions is the existence of 
diffused c^arbou, not its power of segregation ; for it is not be- 
cause it segregates that wo should find it in the residue, but 
sirrqdy because of its pi'csencc in the metal. Had it not segre- 
gated previous to quenching, wc should still expect to find it 
in the residue. 

Bo Prof. Arnold has changed the issue; and although, of 
course, il‘ it be proved that the carbon cannot exist, it follows 
that it (ainnot segregate, nevertheless, Prof. Arnold faiLs to de- 
rive from such I'casouing any proof exclusively favoring liis 
theory, Jle could at l)est make a case against the possible 
cxisten(*e of free, undissolved carbon, l)ut it would not, by any 
means, follow that the carbon and iron are combined so as to 
form the carbide Eo-hC. Moreover, as is made clear in Mr. 
OsmoiuPs pa|;)or, the allotropists do not insist that the carbon 
is (liffiised as such through the beta or alpha iron; indeed, they 
are quite ready, not to say inclined, to believe that it exists in 
the form of a cai^bide. 
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As an evidence of tlie existence of tiie carbide Fe^^C, Pi of. 
Arnold bad offered the fact that when the steel contains about 
0.90 per cent, of carbon it evolves more heat during- the recal- 
escence than does steel of any other degree of carburization. 
Upon this he had laid much stress. I thouglff to have shown, 
in the present paper, in a way that would satisfy any impartial 
reader, Prof. Arnold included, that such phenomenoii bus noth- 
ing whatever to do wdth the existence ot the carbide hejiC. 
Prof. Arnold dismisses my arguments by saying that they are 
“merely opinions unsupported by any evidence.” 

I should be satisfied in letting the case rest hero could T feel 
sure that all those interested in the controversy have studied 
the present paper carefully. It is quite probable, however, that 
many readers have gone over the ground hurriedly, and may, 
therefore, be led by Prof. Arnold’s remarks into thinking that 
my conclusions were indeed “merely opinions unsupport i-d by 
any evidence.” Inasmuch as those conclusions, if they are 
sound, go to show that Prof. Arnold’s theory is untmuihle, they 
have a general interest, and it is important then, for Mie sake 
of scientific truth, that the reader should not be misled. 

"Were it not for the above considerations, 1 should not. feel 
justified in taking up the question again. 

Let us examine again Figs. 9, 11 and 13 ol I’late I., wliieh 
show^ the structures of hardened steel containing resjieelively 
0.35, 0.80 and 1.20 per cent, of carbon. The first sft'el is 
under-saturated, i.c. it is a mixture of mai'tensife uiul ferrite; 
the second sample is saturated, ?..c. it is made up enfirely of 
martensite; the third is over-saturated, v>. it is a tni.xfun^ of 
martensite and eemeiitite. Whatever the true nature of the 
phenomenon, we know that on slow cooling, daring the eritieul 
point ATj, there is a decided evolution of lieat, eausetl Ity the 
martensite being changed into pearlyte, (.see Figs. If), 12 uinl 
14). The ferrite of the under-saturated steel, as w<dl as the 
cementite of the over-saturated sample, remains unchanged. 
They do not contribute to the eoohdion of heat For tlm purposis 
of our argument, we may consider the ferrite ami eementiti' as 
thermcdly inert constituents, the martensite alone being thrrm<d.ly 
active.. The first and last samples, then, are inixtur<>s of ther- 
mally inert aud thermally active components, while the satu- 
rated metal is made up entirely of the active constituent. It 
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miglit therefore be easily anticipated that the saturated sample, 
which contains only the active constituent, will evolve more 
heat than either of the other two, which contain a certain 
amount of inert substance. Two pounds of a certain heat- 
evolving suhvstance must evolve more heat than one pound of 
the same suhstance. 

Prof. Arnold, however, considers this result startling, and 
otfers it as conclusive evidence that the saturated metal is a 
earl)ide of iron, answering to the formula Fc^tC ! But what 
beaming lias this phenomenon upon the existence of such a 
carbide ? 

If there is a chemical change taking place at Ar^, there is 
also a structural change; and Prof. ArnokPs calling me to ac- 
count for speaking of the heat evolved here as heat of the 
structural change, appears trifling. 

Prof. Arnold’s answer to what he calls the “ thermal portion 
of my pai)er is disappointing. Where we had a right to e?:- 
pect arguments, he contents himself with a few uncompli- 
mentary remarks concerning that part of my pamper, and witli 
a claim that he has lieen mis(inoted. 

I contonde<l : (1) that Prof. Arnold claimed that his suh- 
carhide Pe.^^O is formed during the upper retardation (Ar, or 
Ac.{), and (2) that it was not possible from his papers to decide 
whether it was at Ar.) (during cooling) or at Ac^ (daring heat- 
ing) that the i>lieuomenon took place. As ho now says that 
such ideris can only have originated in my imagination, T ishall 
have to tax the reader’s patience once more by again (pioting 
Irom Prol*. Arnold. 

In tlu^ JoKrufU of the Troyi and Steel Instituie^ 1894, No. 1, on 
page 13(!, beginning at the 3d line, ho says: 

above reniarkable faetH arc satisfactorily explained by the hypothcHis that 
the point Ar., marks the formation of a sub-carbidc of iron, whilst the point 
Arj is due to tine combination of the elements to form the normal carbide FcgC.” 

Thin iH the quotation which Prof. Arnold wishes me to locate. 
On the same page ho says : 

At first sight it seems that the author’s tentative hypothesis, that the point 
A?3 is due to the chemical heat evolved by the formation of a suh-carhide, is at 
once decisively negatived by the alleged fact that olcctrolytic iron also develops 
the point in its most marked and individualized degreed’ 

VOL. xxvn.— 61 
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Then, as it is necessary for Prof. Arnold, in order to main- 
tain his position, to show that the point Ar^ does not exist in 
electrolytic iron, he enters into a long argument (page lo6 et 
seq,)^ in which he claims that whenever the point lias been de- 
veloped there was a certain amount of carbon present, or else 
a relatively large amount of suljihur, which he says will pro- 
duce an evolution of heat. 

In a more recent paper (^Proceedings of the Institutw)i of Cinl 
Engineers ^vo\. cxxiii,, page 127, on The Influence ot Carbon on 
Iron Prof. Arnold expresses hiinselt as follows (l>age 154) : 

. tlie heat evolved or absorbed at A?’i is due not to ... . but to a car- 
bonization of the sub-carbide Fe^^C to Fe^C or a reduction of Fe.jO to 1.” 

It is evident, in view of his previous remarks, that tlie point 
which Prof. Arnold has in mind here is Arr,, 2 , i? not Iii 

other words, that the sub-carbide forms during the only re- 
tardation present in medium-hard or hard steel, in wdiieh 
case Afi and Ar,^ are united. .If he now insists that it is <luring 
the lower retardations A)\ that the sub-carbide comes into exist- 
ence, it will only increase the confusion and illustraU^ more 
forcibly the speculative character of his theory. 

Prof. Arnold asks me my method for distinguishing Ar.^ and 
Ara in hard steel. I do not understand this re(piest, as I cannot 
recall anything I have said which led him to believt! that I 
conld do it. 

Concerning the crystallization-point of iron, Ih'of. Arnold 
claims to have been misquoted. The only ground lor this 
claim wall be found in a typographical (‘rror — tiic \Vi>rd 
quenched ’’ having been used inBtoa<l of fniisluMl,'’ In 
some way the mistake escaped detection, hut 1 felt (‘oidhUnit 
that the reader would easily detect it, since the sentcniee, as 
printed, has no meaning wdiatever, 

I have advanced the two following propositions : 

1. On heating, the structure of steel beconu's amorphous 
during the critical point. 2. On cooling from above tlu^ <n1ti- 
cal range it begins to crystallize as soon as the (ux^ling begins. 
In support of these two propositions T ibotighi myself to 
have presented conclusive experimental evideiuH^, but Prof. Ar- 
nold denies it, and the reader will have to judge for himself 
Prof. Arnold says that, according to my views, iron heated, 
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say to 1200^ C., will on cooling, say to 1100® C., consist of 
large crystals.’’ On the contrary, I should expect, on account 
of the short period of crystallization, to iind very small 
crystals. 

Mr. Hibbard reminds us of the theory of Messrs. Langley 
and Metcalf, who attribute the hardening of steel to the exist- 
ence of stresses in the suddenly-cooled metal. Hardened 
steel, Mr. Metcalf says,* “ may be regarded as a congealed 
liquid in a state of tension; then all known phenomena could 
be accounted for, and all known conditions could be produced 
with certainty by well-known applications of heat and force.” 

It is quite purposely that the above theory was not considered 
in my paper. Whatever the true cause of hardening, it is cer- 
tain that the haixlening-powcr is gained and lost during the 
critical points. Whatever the nature of the changes which 
occur at the critical points, it is certain that the cause which 
produces the thermal disturbances in the metal is also the one 
which confers upon it its hardening-power. And any theory 
wliich not only fails to account for the retardations, but appa- 
rently takes no notice of them, cannot possibly hold its own in 
the present advanced stage of investigation. 

A pie(‘u of steel quenched from a temperature just above the 
point of recalesceucc will harden to its full capacity, while, 
when suddenly cooled from a temperature just below that 
point, it does not harden. A difterenco of quenching-tcmi)eni- 
tures often less than 10® C.f inay produce these enormously 
diiferent residls. Will it be urged that in a piece of steel 
heated to a high temperature and cooled, say to G75® C.,beibre 
qiuuu*hing, the molecular motion ” is so great that upon being 
che(*Jced violently by sudden cooling” the cold metal h in 
such a. state of tension as to account for its extreme hardiu^ss, 
but that if tlu^ steel l)e cooled a little more, say to 650® (h, then 
the molecular motion has so much moderated that no increase 
of tension is imparted to the (pienched metal, therefoi'C no in- 
crease of hardness? The proposition is hardly conceivable. 
That hardened steel is in a state of internal stress seems, in- 
deed, certain, but that this condition is the cause of the enor- 
mously altere<l properties of tlm metal is untenable. Again, as 

* AM, by William Metcalf, pp. 149 et seq, 

t ^‘Tho ileal Treatment of Steel,” by H, M. Howe, 2Va?w., xxiiL, 466. 
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has been pointed out, all metals at a high temperature are in a 
state of high molecular motion. Why, then, do they not harden 
on sudden cooling, in some degree comparable to the hardening 
of steel? 

Finally, Mr. Hou-e now shows us that by removing those 
portions of hardened bars which should have received the 
greater amount of stress, not only the remaining portions were 
not softened, but in some cases they showed an actual increase 
of tenacity. 

Mr. Metcalf contends, further, that the stress theory “ is a 
good working-hypothesis for all use, and one which it is belies ed 
will always be the right one to follow, no matter what the tiiuil 
ex 2 !)lanation of the remarkable phenomenon of haidoning .... 
proves to be.” 

The test of a good working-hypothesis is, I take it, that if, 
in order to obtain a certain result, wo place ourselves in the 
conditions demanded for it by the hypothesis, we succeed. Led. 
as apply that test to the stress-theory. 

This theory, as already stated, ascribes the hardening of steel 
to the fact that the cold metal is in a state of tension, smdi con- 
dition having been brought about by a sudden cheek of the high 
molecular motion of the metal at a high temperature. 

It naturally follows, from such a hypothesis, that the higlun- 
the quenching-temperature the greater the stress in tlu^ sud- 
denly cooled metal, and therefore the greater its hardiu'ss. 
Hence, in practice, in order to harden as much as jiossible, wt' 
should heat our steel to the highest possible tmupeniture. 
But it is now -well established that if the metal be heated sui- 
ficiently above the critical point to make it sui'e that the ehangi*. 
occurring here has been completed, say to 800° (h, lurther eh“- 
vation of temperature wall produce very little increase of 
hardness, if amj. 

The stress-theory should also lead us to e.x])ect that the liard- 
ening produced in the metal by sudden cooling would <leereasi' 
mry gradually with the fall of the quenching-temperature, down 
to the atmospheric temperature; whereas, the hanhming-power 
disappears abruptly during the period of retail eaceiua!. 

Again, a piece of steel quenched just above the erititad point 
should be expected to be only a little harder than the same 
steel quenched just below that point, whereas the former will 
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be fully hardened while the latter will not be sensibly hard- 
ened, if at all 

The hypothesis, therefore, without any further examination, 
entirely breaks down. Its working-value is, indeed, very low, 
and in this respect it is singularly inferior to any of the other 
theories ; for, instead of ignoring the existence of the critical 
points, these theories have been shaped so. as to account for 
them. 

I regret that Mr. Dudley docs not present any evidence in 
favor of his assertion that “ Experience does not sustain the 
conception that steel docs not acquire a crystalline structure on a 
rising toniporature.’'’ I hope to be able in the near future to 
take up this question again, and to present fresh experimental 
evidence in support of my proposition. 

Prof. Campbell attacks the question with entirely new 
methods, and metallurgists will look forward with great in- 
terest to the publication of his complete results. It seems best 
to defer until then a detailed discussion of his views. The 
question might well be asked at this stage, however, if the fact 
that the products of the solution of cementitc in hydrochloric 
acid are of a complex nature neecssarilij means that cementHe 
itself has a complex chemical structure. It is mainly upon this 
infereu(*e that Prof. Campbell bases his belief in the existence 
of a series of forro-carbons analogous in their constitution to 
the hydro-carbon series. Let us hope that the chemists will 
give us their vie^vs upon this question. Meanwhile, it must l)e 
borne in mind that cementitc has been repeatedly isolated by 
various methods and analyzed by skillful chemists, and that it 
has always been found to contain ii'on and carbon in the pro- 
portion recpiired by the formula EoaC. The inference, there- 
fore, that such is the chemical constitution of cennmtite is most 
natural and logical. If metallurgists are told that a view so 
simple, reasonable and well suppoi'ted is erroneous, and must 
now be abandoned in favor of a imicli more complex structure, 
they will rightly ask to bo shown conclusively that the latter is 
not a matter of more speenlation; they will ask to be presented 
with sound and cogent evidences and arguments, which will 
clearly show Prof. Oampbell’s hypothesis to be the most prob- 
able of the two. 

It has now been ostablisbed quite conclusively that iron free 
from carbon exhibits the two upper retardations ; and, as Mr. 
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Howe remarks, it is a strong argument in favor of an allotropio 
change. Indeed, I do not see on what other ground the phe- 
nomenon could be accounted for, since it cannot be due to any 
chemical combination or dissociation. Prof. Arnold s conten- 
tion that the point A., marks the passage of the iron from a 
plastic to a crystalline condition, if he means, as Mr. Osmond 
explains, a sudden change in “molecular relation,” is, ot 
course, an admission that it is due to an allotropio transfoinia- 
tioii. 

Mr. Howe, who had ascertained, not long since, that a con- 
siderable loss of hardening power occurs at the upper retarda- 
tions, where there is no corresponding change in carbon-con- 
dition (a fact difficult for the carhonists to e.xplain), now shows 
us that iron almost chemically pure (containing only .022 [ici 
cent. C) can he enormously strengthened by very sudden cooling, 
and that this result cannot be due to stress. That such enor- 
mous alterations of the physical properties of a nearly eheini- 
cally pure metal, aceompaniod as it is l)y a spontaiuMUs change 
of its internal energy, must be due to an allotropie change, 
seems, indeed, an irresistible conclusion. 

I believe that upon Avcighing carefully the cvidcuees [tn'- 
sented in this discussion and in previous publications, lln' im- 
partial student will come to the conclusion that the in<lii‘ations 
are strongly in favor of some allotropio transformations of the 
iron taking place at certain critical teiniteratnres. 

The question is thus narrowed doivu to this: (1) Do tin' 
allotropio changes eontrihutc to the hardening power ot the 
metal? and (2) if they do, are they the e.xclusive cause of hard- 
ening ? 

JVIr. Howe, in his usual logical and fonnblc way, argues that, 
both allotropio change and earbou-condition eontrihute to the 
hardening of the quenched metal. Allotropie. iron, lu* say.s, i.s 
very strong but not very hard ; hciiee the strinigth and rela(.iv<‘. 
softness of carbonless iron very suddenly ooohnl, and of nianga- 
ncsc-steel, while the hardening carlaui confers luirdiiess in the 
mineralogical sense ; hence the very great hardiu'ss of <nuniehe<l 
high-carbon steel. This, of course, disposes of tin* ohjeetion 
which has been used repeatedly and with telling idfcet against 
the allotropie theory: Why is not mangiuieso-steel inttui.mdy 
hard ? 
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It is interesting to note that Mr. Osmond gets around the 
difficulty in a very similar way, by assuming that iron in the 
^amwa-Btate, in which condition it is present in manganese- 
steel, is strong but not very hard, and that mineralogical hard- 
ness is due to ie/^Mron. 

I somewhat regret that Mr. Osmond has dignified the con- 
cluding remarks of my paper with the name of a theory, thus 
giving them an importance which they did not have in my own 
mind. Ilis masterly contribution calls for a careful study, and 
constitutes, I believe, the strongest plea in support of the allo- 
tropic theory which has yet been presented. 

I can oidy, for the present, refer somewhat roughly to those 
of his arguments which have a more direct bearing upon the 
views expressed in my paper. 

I have formulated the following proposition, well supported 
by experimental evidences: Each critical point is accompanied 
by a structural change which begins and ends with it. In the 
ranges of temperatures where there is no critical point, we find 
no change in the microstruetural composition. The accuracy 
of the first part of this proposition is not questioned by Mr. 
Osmond. Indeed, it has been shown to be true beyond reason- 
al)le do\ibt. Mr. Osmond, however, thinks that the second part 
is true only ibr steel of medium carburization. In very soft 
steel, and in steel containing over 0.90 per cent, of carbon, he 
finds tlnit ii struciuiTd change does take place without corres- 
ponding thermal retardation.* The instance which Mr. Osmond 
gives in the (‘ase of soft steel (carbon, 0.14 per cent.) is not 
comlusive. It is shown that between 1000° and 1340° there 
is a (‘hange in tlu‘- stru(*<tural conqxLsition of the metal, but it is 
not shown that such change is not ac(‘ompanied by a retarda- 
tion. rndc'cd, a criii(;ail ])oint has been found by Or. Jhdl, and 
I believe l>y others, in the vicinity of 1300° C. It would seem, 
theixtbre, that the evideuee in this case strengthens, if anything, 
my proposition. 

In tlu'. (*ase, however, of Ingh-carhon steel, heated to a high 
temperature, Mr. Osmond finds a change of the strmd.ural com- 
position taking place very gradually, extending over a consid- 
erahlc ranges of tehiporatnre, and therefore without any criti(‘a] 
point. At 800° (h, or thereabout, a nnw <‘X)nstituent appears, 


* Jour, Iron and Steel 1800, No. I. 
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wh-icli iiicroasos gradually in quantity, while the free ccmeiitite 
decreases proportionally until it entirely disappears. Certainly 
it is opposed to that part of my proposition asserting that a 
structural change is always accompanied hy a tlicrmal retarda- 
tion, and yet I do not believe that its correctness should be 
doubted too hastily upon the strength of this single instance; 
at least, not until the appearance and nature of this new con- 
stituent has been further investigated. In view of the fact that 
all the other structural transformations are strictly contined to 
the ranges of temperature covered by the critical points, I am 
somewhat reluctant to concede that the appearance ot a new 
constituent, unaccompanied by a retardation, has been conclu- 
sively established. I ask for more inquiry. 

The mode of occurrence and the properties of austenite, 
moreover, raise a serious difficulty. A piece of steel contain- 
ing 1 per cent, of carbon, quenched at a high temperature 
(say 1000° C.), is made up entirely of martensite (see Mr. 
Osmond’s Fig. 1), and consequently very hard. On the other 
hand, a piece of steel containing 1.50 per cent, of earl)on and 
similarly treated will contain, roughly, 50 per cent, of marten- 
site and 60 per cent, of austenite. Austenite, Mr. Osmond 
says, is much softer than martensite, for it can bo seiaitehed 
with a needle. The steel containing 1.50 per cent, of carbon, 
therefore, should be much softer than the sample containing I 
per cent., while, of course, it is the other way. 

Mr. Osmond compares the formation of martemsite to a. true 
internal eoneentratiou, and it would seem, indeed, as if it were 
so. And still we must wonder, if such bo tlie case, why the 
carburization of the ferrite does not proceed gra<iually ami 
progressively instead of jerkily, oecnrring only, as it doc's, dur- 
ing the short ranges of tcmperatui-e covered by the critical 
points. 

At all events, it remains true that the structui'al eluiuge.s and 
the thermal retardation which ocenr during the heat-tiaaitiin'iit 
of steel are most closely related. If the former arc not tin' pri- 
mary cause of the latter (and I do not, by any nu'ans, insist that 
they are), there is a strong presumption that they are a [iroxi- 
mate cause. Of course, this does not answer tlu^ <piery, whether 
the priraai'y cause of the retardations is due to allotropie changes, 
to chemical changes, or to both — ^in other words, whetlun* the 
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solution wo seek is to be found in tbe allotropie, the cai’bon, 
or the carbo-allotropic theory. I very frankly admit that the 
facts that carbonless iron exhibits the upper retardations, and 
that it can bo greatly hardened by sudden cooling, seem to 
render impossible the hypothesis that the hardening of steel is 
due to the structural changes studied in this paper. They 
oppose that hypothesis with as much force as they do the carbon 
or the carbide theories. 

The meaning at present attributed by Mr. Osmond to the 
critical points differs materially from what liad been asserted 
so far by the allotropists. If I understand him right, it is now 
urged that in mild steel, where the three critical points occur 
separately, their significance is as follows : 

Above A?’,„ the whole of the iron is in the gamma state, 
associated with the carbon, forming martensite. 

Oaring Arj, a certain amount of iron is set free, and passes 
to the beta state. The iron of the remaining martensite, how- 
ever, roniaius in the gamma state. The metal is then made up 
of structurally free /;ci!a-irou and oi gamjna martensite. 

Onring an additional amount of iron, previously included 
in the martensite, is set strueturally free, and the whole of the 
free iron passes to the dpha state, the iron of the martensite 
still remaining gamma-in'iw. The metal is then made up of free 
alplui-h'ow and oi gamma martensite. 

During A)\, the structurally free alphmi'covi remains un- 
eluuigcul, but the iron of the remaining martensite passes from 
the gfimina Ht.ato to the alpha state, simultaneously with the 
change oi‘ the e.ouditiou of the carbon (or of its disti'ibntion ?), 
forming jiearlyte. 

This ne.w interpretation of the meaning of the (‘.ritical points 
constitutes a momentous modification of the allotropie theory, 
and should he carefully examined. 

While, of course, it o.xplaiuH why the naartensito found 
hetween Apj and Ar^ is very hard, which could not be the ease 
if its iron were, like the free iron, in the alpha state, still one 
should e.'C[)eot a piece of mild steel (eontainiug, say, 0.22 per 
cent, of carbon), (picnched between Ar^ and Ar„ to ho much 
softer than the same steel quenched above Ar^, seeing that in 
the former case it contains some 70 per cent, of soft alpha-hon, 
while in the latter it is made up ouly of martensite. As a mat- 
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ter of fact it will be somewhat softer, but not by any means as 

much softer as should be expected. 

Again, it is said that there is only gamma martensite, and 
still the magnetic properties of hardened steels ot medium 
hardness, which are made up wholly of martensite, is attributed 
to the presence of considerable alpha-iron. Also, if martensite 
contains only gamma-iron., it should have the same hardness, 
whatever its degree of carburization. Moreover, it should not 
be very hard, since gamma-iron is not very hard. However,^ 
this argument, which wmuld lead us to absurd conclusions it 
followed to a logical extreme, can probably be reiuted satis- 
factorily by the allotropists on the ground that while mai ten- 
site at a high temperature contains only gamma-iron, upon sudden 
cooling some of its iron will pass to the beta and to the alpha 
state, in proportions varying with its eaidion-content and the 
rate of cooling. 

It would also seem that apiece of steel (iiienchcd betwcam 
and A?’, should contain more fe^^a-iron than when (|neiu*li(.Hl above 
Arjj, and therefore should have greater mineralogical hardness. 

I am far from considering these difficulties iatal to the 
hypothesis ; I merely mention them, so that they can be removed 
and the way made clear for the allotropic theoiy, if it lie tlie 
true one. 


The Cement-Materials of Southwest Arkansas. 

Discussion of tlie Paper of Prof. Branner. (8tx» p. 42.) 

(Chicago Meeting, February, 1807.) 

Robert T. Hill, Washington, D. C. : Having HtiidiiMl very 
minutely the geology of the distri(*t referred to by Prof Bran- 
ner, I beg to state that his quotation of my classification of the 
Cretaceous deposits of Arkansas is not the one wlnt*h 1 origi- 
nally gave, ^ nor is it the one which lias siuei^ been pnldished 
and is now generally accepted.t T did not assign any of the 
Cretaceous formations of Arkansas to the mithlle Cn^tuei^ous/^ 

^ Ann. Jiep. iUoK Survey of Ark,, for IBS^, voL ii., pp. 70 -152. 
f JBuUetinofthe ikologicul Society of Amerim, vol. 5, pp. 208»a3B. 
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but discussed all the formations under two grand divisions as 
upper and lower. 

Neither do I accept the Cretaceous-Tertiary parting, given 
upon the map (page 45) by Prof. Branner. Not a single un- 
doubted Cretaceous outcrop has been found in Arkansas east 
of the Iron Mountain railway; and nine-tenths of the line 
wliieh Prof. Branner has drawn as the CretaceOus-Tertiary 
parting is covered by extensive sheets of Post-Cretaeeous (in 
part Post-Tertiary) formations, which conceal both the undei'- 
lying Cretaceous and the Eocene Tertiary formations. 

The nomenclature and legend of the geological map accom- 
panying my report w^as changed without my knowledge by 
Prof. Branner, who inserted age-names for formation-names in 
the legend of the map submitted by me, classifying all the va- 
rious formations under the general names of Cretaceous, Ter- 
tiary, etc., in some instances where I had expressly stated in 
the report that the ago of these formations was uncertain. 

The snl)se(iuent discovery by Prof Harris of a Cretaceous 
fossil in the depths of an artesian well at Pulton is not alone 
sulheient evidence to justify the drawing of a pai'ting line upon 
the map as Prof Brjuiner has placed it. Prof Harris himself 
has said on page 20 of the report referred to by Prof Branner, 

W”o have no means of determining the exact location of the 
Tertiary-Cretaceous boundary lino in this pai^t of the State;” 
and distinctly declares that the boundaries on the map which 
ho gives are his impresBions and not a definite parting. 
The fiud. ol‘ the matter is that nine-tenths of the area which 
Prof Branner’s map includes under the general name of Cre- 
la(‘,eous is o(u;n])ied by aggradational formations of late Tertiary 
(laifayette) and Pleistocene age; and hence if his method of 
geologi(*al mapping by age rather than formation should pre- 
vail, the interior Tertiary parting should extend to and in pla(‘es 
overlap, llu^ line whieb he has drawn between the Ihileozoic 
and the Cretaceous. 

Prof. Branner: It is true that in his Arkansas report Mr. 
Hill states (p. 188) that the Low’^er Cross Timber sands do 
not (irop out iu Arkatisas.” But I have a letter from Mr, Hill 
dated April 2(>, 1890 (after Ids report was out) in Avbich be 
says : I found at Pino Blutf on Tied river .... a grand ex- 



946 


THE CALORIEIO VALTJE OP CERTAIN COALS. 


posure of the Lower Cross Timber (Dakota) sandstone which 
proves to be the same character as the Morris Fcrrv green- 
sands on Little Diver ” Arkansas. I wished to give him credit 
for this discovery, but I seem to have overdone the matter. 

As for the Cretaceous-Tertiary border: Prof. G. P. Ilariis of 
Cornell University, one of the best paleontologists in America, 
studied the Tertiary of Arkansas after Mr. Hill had reported 
on the Cretaceous. He found the Arkadelpliia shales which 
Mr. Hill called Tertiary, to be Cretaceous, and gave satis- 
factory evidence of the correctness of that eonclnsioii. Prof. 
Harris says the location of the Tertiary-Crctaeeous border given 
on his map is only approximate, and it is so stated in the foot- 
note on the second page of my article. 

Mr. Hill claims that I changed formation-names to age- 
names in the legend of his map. His original map lies bedbre 
me; the word ‘formation ” is used just once on the original, 

and that is after the “ Trinity.” 

Inasmuch as these questions have but little to do with the 
subject of my paper, it is hardly necessary to discuss them 
further. 


The Calorific Value of Certain Coals. 


Discussion of the Paper of N. W. Lord and F. Plans. (See p. 2oS). ) 

(Lake Superior Meeting, July, 1897.) 

“William Kent, Kew York City: I regard the ])aper of Pro- 
fessors Lord and Haas as the most important aiul valuable that 
has yet appeared on the subject of the calorific value of Ameri- 
can coals. The close eorrcKpoiidenec of the resnifs they have 
obtained by the use of the bomb calorimeter with those ealeti- 
lated by the Dulong formula from the ultimate aimlysi's, con- 
firming the work done by Mahler in Krance some yt'urs before, 
is evidence of the oxtromc accuracy of tbeir work, and gives 
us renewed confidence in Mahler’s modification of fbe Ibw- 
thelot calorimeter, and in Dulong’s formula, whh-h latter, until 

* The Terlmij Geology of JSouthem Ark, By (h D. Hama, pp. 15 49. 
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the publication of Mahler’s work, had been somewhat dis- 
credited by the researches of Scheerer-Kestner and Meunier- 
Dollfus ill 1868. 

The conclusion of the authors that the actual coal (moisture 
and ash excluded) of a given seam over considerable areas may 
1)0 regarded as of uniform heating-value, is one of great prac- 
tical importance. I have held a similar opinion, tentatively, 
for a long time, as a result of numerous tests of steam-boilers 
made in diflerent parts of the country during the past fifteen 
years, and I am glad to have this opinion confirmed hy the ex- 
tensive rcsearcli of the authors. Should this conclusion be 
established, or its limitations defined, by future tests, it will be 
possible for us to approximate closely the heating-value of any 
given sample of coal by ascertaining where it is mined and by 
determining its moisture, sulphur and ash, which are the three 
variable elements in lots of coal from the same mine, without 
going to the expense of an ultimate analysis or a calorimeter 
test. In any given mine or seam the sulphur, averaged from 
car-load lots, is reasonably constant, especially in such coals as 
are of good repute in the market as steam-coals. The moisture 
and ash, however, are subject to accidental variations, but they 
are easily determined. 

While thus commending the paper as a whole, I have a few 
minor criticisms to make ujion it. 1 do not think it is right to 
intdude in the Dulong formula the term + 2250 8 for the sul- 
phur. The suli)hur does not exist as free vsulphur, but as 
pyrites, with possildy some sulj)hateR, and it can liave little or 
no heating-value. Taking the average calorific values as found 
by the calorimeter and by calculation from analysis, I find that 
the latter is in ex(*esH l)y 21 calories. If the authors bad used 
Berthelot's recent figure, 8140, for the heating-value of carbon, 
instead of the. old figure of Favre and Bilbernian, 8080, their 
calculated average x'csult would bo about 80 calories higher, or 
57 calories bighcr than the result obtained by the calorimeter. 
The sulphur, averaging 1.68 per cent., gives, if we allow 2250 
as its beating-value, aliout 38 calories. Subtracting this from 
57 gives 19 calories excess. That is, if the formula used had 
been Cal. power = 8140 C + 84,462 (II — | 0), the calculated 
average result would have been only 19 calories higher than 
the average result obtained by the calorimeter tests. This 
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figure is surprisingly close to tlie average result obtained by 
Mahler, as shown in Table I., below. Their calculated average 
result for four classes of coals (31 tests in all), ranging fioin 97 
down to 59 per cent, of fixed carbon in the combustible, is 18 
calories lower than the result obtained by the calorimeter. 
Taking the results of Mahler together with those of Professors 
Lord and Haas, the average of all shows a practically absolute 
agreement of the calculated with the calorimeter figures. 

The form in which the authors have reported their results 
is not as convenient for comparison as the form used by 
Mahler. Columns should have been given showing the per- 
centage of fixed carbon in the “ combustible,” or “ coal dry 
and free from ash,” and the heating-value per pound ot this 
combustible. I have calculated these values, and present them 
in Table 11. below. By inspection of this table it is seen how 
remarkably uniform is the constitution and the hcating-\'alue 
of the combustible portion of the difierent samples of coal from 
the same seam, although mined over a considerable area of 
country. 

I have discovered, in the analyses given in tlu; paper, an in- 
teresting relation between the percentage of carbon a.s Ibimd 
by the ultimate analj'sis and the percentage of fixeal I'arlxm as 
found by the pi’oximate analysis. It is, that^in the bituminous 
coals the fixed carbon is nearly equal to the total <‘arbon jninus 
five times the available hydrogen (H — J 0), and that in the 
semi-bituminous coal (Pocahontas) it is nearly equal to tlu‘ total 
carbon minus three times the available hydrogen. The follow- 
ing is the calculation from the average analysis : 



Avail- 



Differ- 

Fixed 

Differ- 


able H. 


Total C, 

ence. 

carbon. 


Upper Freeport, . 

3.94X5 

= 19.70 

72.65 

52.95 

61.63 

*• - 1.32 

Pittsburgh, . 

4.15X5 

= 20.75 

75.24 

54.49 

63.81 

.68 

Darlington, 

4.01X5 

= 20.05 

75.19 

65.14 

64.69 

.45 

Hocking Valley, 

3.34 X 5 

= 16,70 

68.03 

51.33 

49.64 

— 1.69 

Thacker, . 

4.27 X 5 

= 21.35 

78.65 

57.30 

56,67 

...» .63 

Mahoning, . 

3.71 X 5 

= 18.55 

71.13 

52.58 

60.95 

~ 1.63 

Pocahontas, 

3.89X3 

= 11.67 

84.87 

73.20 

74.84 

4 1.64 


These figures indicate that in the bituminous coals the vola- 
tile hydrocarbon (excluding ITjO) is equivalent to lityi, -f- 
CHj, or to 5 parts C and 1 part II; and that in the semi-bitu- 
minous coals the volatile hydrocarbon is equivalent to or 
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Table L — Heating-Power of Coals. [P. Maliler.*] • 

COAL BKY AND FREE FROM ASH. 



Anthracite and Anthracitic. 

Percentage of 
Fixed Caibon. 

Composition. 

He vting-Power 
Calories. 

C. 

H. 

0+N. 

Actual. 

ir 

fcfiCS 

p g 
fi 0 

W 

Difference. 

1 

PcniihvlViUiia 

97.00 

95 37 

2 20 

2.43 

8250 

8402 

+ 200 


Do la Mure (CJuiiid Couche) 

97.25 

95.24 

1.50 

3 26 

8216 

8173 

— 43 

2 

Hay-Duoii{^ (Tonkin) 

96.83 

92 86 

2 16 

4 99 

8121 

8130 

■j- 9 

4 

Keiuio 

94.80 

93.46 

3.07 

3.48 

85‘32 

8528 

— 4 

5 

(U)innienUy . 

96.81 

91 49 

3.12 

5 39 

8456 

8333 

— 123 

b 

Blanzy, Pints Ste -Barbe 

94.00 

90.00 

3.17 

6.83 

8203 

81(59 

— 34 

7 

(-{raiule (loinbe, Pints Pctassab 

93.29 

91 46 

3.93 

4 59 

8510 

8053 

+ 113 

« 

Crcnsot 

89.56 

92.39 

3.78 

3.83 

8687 

8704 

-b 17 


Average... . 









-jr 18 


Fat and Semi-Fat (Demi-Guasse). 








9 

Deini-Grahso, cVAiizin, Fosse St Marc . . . 

85.92 

91.26 

4.27 

4 4^ 

8656 

8751 

-b 95 

10 

** Grande C'ombe 

86 62 

91.19 

4.4b 

4.35 

8756 

8817 

+ 61 

11 

“ Koche-la-MoliOre 

86 00 

90.11 

4 38 

5 51 

8767 

8051 

— 116 

12 

“ A niche 

88.07 

90.10 

4.40 

5.49 

8834 

8(559 

— 175 

la 

(Jrasae, Anichi, gieat vein 

78.49 

89.20 

4.67 

G 14 

8574 

8(t51 

-b 77 

14 

'■* Ronehainp 

76.77 

88 89 

4.81 

6 27 

8797 

8(578 

— 119 

If) 

“ Lens 

80 50 

90.03 

1.80 

5 17 

8839 

8805 

— 34 

1() 

Garmaux 

78.25 

87.81 

4.87 

7.30 

8639 

8559 

— 80 

17 

Ro(‘hc-la-Moli5re 

77.15 

89.53 

4.84 

5.63 

8867 

8757 

— no 

LS 

“ vSamt KUonne 

79 16 

^‘9.23 

5.03 

5.74 

8857 

8790 

— (51 

11) 

“ Mines cie Poiles (Gard ) 

80.71 

86.52 

4.84 

8.64 

8607 

8382 

— 285 


Average 








— 66 


Fat Gas Coals. 








20 

Bethnno 

69.59 

87.03 

5.37 

7.00 

8608 

8054 

— 14 

21 

Lens 

69 20 

87.26 

5.44 

7.30 

8748 

8705 

— 44 

22 

Firininy 

67.98 

8.5.39 

5.58 

9.13 

8578 

' 8524 


2a i 

Montranibert 

65 73 

84.52 

5.51 

9.94 

8598 

8107 

— 191 

24 

Cmninentry 

60.01 

85.66 

5 60 

8.73 

8408 

8573 

4- 165 

25 

Wigan, Lancashire 

68.36 

88.57 

5.72 

5.72 

8708 

85)79 

-1 211 

20 

Cannel coal, Niddrie 

47.00 

88.79 

6.67 

9.03 

8131 

8717 

-b 286 


Average 








-b 52 


Flaming Coalr, Lignitio. 








27 

Montoic .. . 

62.93 

83.95 

5.64 

10.42 

1 8,570 

8371 

— 399 

28 i 

Blaiwy (Puits Kte.-Marie) 

68.05 

81.26 

5.27 

10 40 

83,50 

8271 

— 79 

20 

IH'cazeville (Bonrran) 

61.20 

83.17 

5.68 

11.14 

8270 

8291 

-b 24 

ao 

Blanzy (I’uits Ste.-Eugt'mie) 

60.61 

81 .,54 

5 61 

12.83 

8083 

8072 

— n 

ai 

Beeaze V i lU* (Tramon i) 

58.77 

78.72 

I 5.67 

15.61 

7837 

7735 

— 102 


Average 







— 74 


Average of above four classos 








— 18 


Lignites. 








02 

Terre de Feu 

47.23 

71.01 

5.94 

23 05 

7039 

6882 

— 1.57 

aa 

Tiifail (Hlyria) .. 

49 66 

69 24 

5.06 

25 71 

001 6 

(5317 

— 299 

ai 

Vaurigard 

50.05 

60.36 

5 01 

28.(53 

0070 

5938 

— 138 

ao 

TmtF EitoM Bohemia 

31.07 

57.21 

5.96 

30.82 

5903 

5169 

-734 


Wood. 








ao 

Partiiallv dry, Sapiu do Norvi)go 


51.08 

6.02 

42.90 

4828 

4428 

— 400 

87 

Bois de Lhfne de lAUTuine 


50.44 

5.88 

43.09 

4(589 

4293 

— 396 

8B 

(leB nlo.se, 


44.44 

6.17 

19.39 

4200 

3617 

— 583 










* Bulletin de la Bon/i(6 d' Eneoimujement pour Ijindmtrie Nationakj 1892. 
KothwelPn 3fme>rid fndmtnj, 1892, voL i., p. 97. 
f Duloag’w foniuiln, an given by Mahler, in ; 




[ 8 ,U 0 C-i- 34,500(^11- 


( 0 _+ N) ■ 
■ 8 '■ 


')] 


Also, 
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Table II. — -Heating-Power of Coal. 


[Calculated from Lord and Haas’s Eesults.] 




Coal Dra 
fkon 

VND Free 
A teU 

No. 

P 0 C. 1 HONTAS, Va 

Per Cent. 
Fixed 
Carbon 

Calorific 

Value. 

1 


80.10 

8768 

2 

(< 

81.19 

8731 

3 

U (( 

80.14 

8732 

4 

a u 

80.61 

874> 

5 

£* (( 1 

80.29 

8777 



so. 48 

8751 

6 

7 

Middle Kittanning, Hocking Valley, Ohio. 

67.54 

7870 

<< 

SO. 14 

7913 

8 

9 

10 


59.20 

7762 

u a 

57.08 

7707 

Tjiimp..*, 

67.64 

7767 

,4 vftrnp’ft 

58.12 


11 

12 

13 

14 

Thacker Coal, West Virginia. 

T?,nr» of nunft 

62.00 

8434 

(t u 

61.77 

8513 



60.59 

8425 

(£ 

60.75 

Slot) 

Average... i 

61.28 

8467 

15 

16 

27 

28 

Pittsburgh Coal, Pennsylvania. 

60.68 

S!it)4 

Turtle Creek 

62.14 

8378 

CarnegiPi 

50.80 


tt'^ ti 

67.99 

8248 

29 

34 


5e5.i*9 

8324 

T 

TST. Mausfieldj 

59.26 1 

8277 

38 


59,42 ! 

8289 

-T , 

Average 

59.39 ^ ; 

8313 

17 

Middle Kittanning (Darlington Coal), Pbnna, 
Hoytdale, Tawrence Co 

1 

' 61.30 

8278 

18 

Hp<a,vfir Creekj 

61 #75 

8201 

19 

"VVampunij 

i 59.14 

8256 

20 

Near Wampum, 

60,28 

8244 

32 

Hovtdale, 

i 60.38 

8177 

33 

Wampum, 

1 57.56 

82(?7 

35 

1 

Clinton, “ 

1 60.18 

8166 

Average 

“ 60.09 

8226 

1 

21 

Upper Freeport Coal, Ohio anp I^ennsylvania. 
East Palestine, Ohio-. 

60.08 ! 

8113 

22 

1 n u 

57.81 ^ 

8257 

23 

Waterford, 

5H,85 

8230 

24 

Yellow Creek, 

56.79 

8330 

25 

Steubenville, 

' 66.78 

8267 

26 

Cambridge. 

' 57.13 

8041 

30 

Steubenville, 

1 55.71 

59.26 

H037 

31 

Salinevilie, 

8160 

36 

Palestine, 

! 58.01 j 

8339 

37 

New (ralilec, 

58.76 

8165 

40 

Palestine, 

1 59.01 

8224 

Average * 

68.02 

69.28 

8197 

39 

Mahoning Coal. 

Salinevilie, Oliio..... 

8182 
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3 parts C and 1 part II. If these relations should be confirmed 
1 ) 3 ’ other coal analyses, thej’ may be useful as a criterion of the 
accuracy of the proximate analysis. Also having the ultimate 
analysis of a coal, and knowing its class, as bituminous or semi- 
bituininous, the. proximate analysis may be calculated there- 
irom witli slight probability of error. 

I (piote tlui following extracts from the paper (pp. 208, 269) : 

A relation l)etwecn the fixed carbon and the calorimetric 
test was stated by Mr. Kent Heating-Value of Coal,’ Mm. 
ImL, 1(S92, p. 97); but the results of our work do not ai)pcar 
to eorr(‘spond to his figures. Taking the Pittsburgh coal, we 
find the average calorihe power to be 7532 Interpolat- 

ing from Kent's table would give 8054, a difterence of 259 
units, or 3.2 per cent. The average Freeport coal shows a dif- 
ference of 290 units, or nearly 4 per cent. The determination 
of iixed caibon is very uncertain, being much influenced by 
slight (‘hanges in method; therefore it is entirely possible that 
tlu'sc diliereiK'es are due to our method of analysis, giving low 
results a.s (*om[)ared with that used by the chemists furnishing 

his figures Our determinations of fixed carbon could 

not. 1)0 usi'd lor (‘slimating the calorific power within any satis- 
iiudory limit, of accura(y.” 

Att(‘mpts lo derive a general law for all the coals examined 
Wiire abundomah” 

Tlu'st', statenumts of the authors refer to the curve which I 
])lotted iron) Mahh‘,r’s tests of European coals, published in my 
arti<*]e in voL i. of i/dawi IndKsfrjj^ a, ml to the table which I 
derived IlnundVom. The table is as follows: 


Approximate. IIeafm(/-V((lae of (hals. 



IlKATINn-YAlATK. 


Hkatino-Valuk. I 

( Vnt. of 

Carbon in Cnal Cry 
«m(l Frw. fr<»m Abh, 

('alurleH. 

UritiMh 

Thonnal 

Uuiw. 

IVr Coni of Fixed 
Cmixm in Coal Dry 
and h'rw from AhIi. 

( UUorieH. 

Britinh ' 
'I'henual 
Units. 

07 

8200 

M,700 

35,120 

15,480 

15,000 

15,840 

15,000 

15,480 

08........ 

8400 

15,120 

14,580 

04 , . . 

8400 

00 

BIOO 

00 

8(H)0 

8700 

57 

7800 

14,040 

18,320 

K7 

54 

7400 , 

HO 

8800 

51, 

7000 

12,600 

12,240 

7*2 ^ 

8700 

50..... 

0800 

m..,.. ^ 

8000 
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The value of my curve and table for use in connection with 
American coals having been thus called in question, I have 
been led to study the subject anew, with the view of comparing 
the work of the authors with that of Mahler and of learning 
whether or not there was any essential difference between the 
American and European coals, and whether a curve plotted 
from tests of the latter would be of any value when applied to 
the former. 


Fig. 1 , 



Eclation of Heating’-Value to Per Cent, of Fixed C!arl>on. 
(Tests of Profs. Lord and Haas.) 


In Fig. 1 1 have plotted a portion of the curve dcu*iv<Ml iVom 
the results of Mahler between the liiuits of 55 and 0*5 ptu* <‘cnt. 
of fixed carbon, together with the results obtained by fjonl an<l 
Haas on coals lying within the same IhnitB. T1 k‘ <lois aiul 
crosses represent the individual tests, and the small Idack tri- 
angles the average figures for each class of coal. Each cUihh of 
coal is surrounded by a boundary line allowing the extent of 
variation, or what I call the field of each coal 
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In Fig. 2 the same portion of the Mahler curve is given, 
vdtli the average results of Lord and Haas, together with the 
results of calorimeter tests of thirteen ditferent varieties of coal, 


Fig. 2. 



halation of Heating Value to Per Cent, of Fixed Carbon. 

NuiuIhuxhI poiulH arc^ tests l)y 0. W. Houghton. Lcttere<l points are av^erages 
of Lord an<l Haas’s tests. The several coals are as follows : 


A, Thacker, W. Va. ; 

JS, Lawrenee (^o., Pa. ; 

C, Pitlshurgh, Pa. ; 

H, Hpper Freeport, Pa. ; 
K, Hocking Viillcy, O. ; 

I, Yotighiogheny, Pa. ; 
Pittsburgh, Pa. ; 

H, Vanderpool, Ky. ; 

4, Brier Hill, (). ; 


Hocking Valley, 0. ; 

6, Big Minidy, 111. ; 

7, Htreator, 111. ; 

8, Ladd, ni. ; 

y, Heaton vi lie, 111. ; 

10, Wilmington, 111 j 

11, Mt. Olive, III j 

12, Imliami Block ; 

IB, Indiana Lump. 


wliich wc'i’u mu(U^ for luo. 1u«t yosir by Mr. 0. W. llongliton, 
M.K., aHHiHl-iUit in Sibley Oolb'j^e, Oorncll Lliiivernity, nsiny; tlao 
coul-tuiloriim'ter of Prof. K. 0. Oarpeiitor, wbiob ia doHcribed 
in the Ihoifiai'thm ol‘tbo Aniorioan Sooiuty of Muohanical Eu- 
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gineers, vol. xvi., p. 1040. 

The results of these 

tests were 

follows : 

Coal Dry and Free from Ash, 


Fitted Carbon 

Heating Value. 


Per cent. 

Calories. 

1 Yougkiogheny, Pa., . 

. 62.6 

8330 

2 Pittsburgh, Pa., 

. 60.6 

7890 

3 Vanderpool; Ky., 

. 61.5 

8000 

4 Brier Hill, 0., . 

. 61.8 

7890 

5 Hocking V^alley, O., . 

. 57.5 

7830 

6 Big Muddy, 111., 

. 62.5 

SOSO 

7 Streator, 111., . 

. 56.2 

7890 

8 Ladd, 111., 

, 56.S 

8170 

9 SeatonYiIle, IlL, 

. 54.7 

8060 

10 Wilmington, IlL, 

. 57.1 

7840 

11 Mt. Olive, IlL, 

. 57.1 

7010 

12 Indiana Block, - 

. 61.4 

7050 

13 Indiana Lump, 

. 55.6 

7670 


The figure for Stroatoi’ coal is the average of five towsts of satii- 
ples from as many different car loads, the range being ironi 
7780 to 8000 calories. The figure for Big Muddy is the aver- 
age of two lots, which varied 170 calories; and that from Wil- 
mington is the average of two lots wliicli varied <S0 calories. 
The other tests were of only one sample each. 

The plotting of these tests shows that they covcm’ <iaite n wide 
field, and tends to confirm the conclnsion of the antliors that 
the heating-power has no definite relation to the fixed carbon ; 
but it will be observed that the general trend of the iiedd of 
Houghton’s tests is in the direction of the Mahler line: that 
the maximum deviation of any single test (except No. 9) irom 
the Mahler line is less than 500 calorics, or about (> per <‘cnt. ; 
and that Houghton’s tests arrange themselves about (Miuallv on 
each side of the Mahler line. I cannot vouch for tlu* nccnra(*y 
of Mr. Houghton’s figures either as to percentage of fixed tair- 
hoii or as to heating-value. The tests ivero simply comnunanal 
ones, made to check the results of boiler teats. I am iiudiiUHl 
to believe that the figures of heating-value are mutdi more re- 
liable than those of the percentages of fixed carbon, for the lat- 
ter, as is said by Profs. Lord and Haas, in not easy to deter- 
mine with accuracy. 

Pig. 1 is especially interesting in showing that ea<‘,h of the 
five classes of coals tested by the authors of the paper, within 
the limits of 55 and 62 per cent, of fixed carbon, has a law of 
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its own. Three of these classes, the Pittsburgh, the Lawrence 
Co., Pa., and the Hocking Talley, O., seem to have a very uni- 
form heating-power through a wide range of variation in per- 
centage of fixed carbon. The same might be said of the Upper 
Freeport coal, if the two tests w’-hieh give less than 8100 calo- 
ries were omitted. The four samples of Thacker, W. Ta., coal 
are very close together, both in heating-power and in per- 
eenta^ 2 ;e of fixed carbon. 

In Pig. 3 are plotted all of Mabler’s I'esults between the limits 
of 47 and 97 per cent, of fixed carbon. A boundary line is 
run around all the tests, and the average curve which I gave in 
the j)aper in Mineral Industry is reproduced. Comparing the 
curve with the plottings of the individual tests, and with tlie 
boundary enclosing them, it will be seen that they justily the 
conclusion stated in that paper, viz., that ^Mciiowing the [an- 
centage of fixed carbon in the dry coal free from ash, we may, 
in the case of all coals containing over 58 per cent, of tixe<l 
carbon, predict their lieating-valuo within a limit ol‘ error of 
about 3 per cent.'^ 

Fig. 3 shows also that the figures for Pocahontas coal ol)- 
tained by Lord and Haas all come remarkably dose to the 
Mahler line, all five tests lying entirely within the Mahler iield. 
The average figure from these tests, 8751 calories, is only 49 
calories, or less than 0.6 per cent, lower than the figures in my 
table for 80 per cent, of fixed carbon. 

Another thing shown by Fig. 3 is, that Lor<l and ILuis's 
tests cover only a small portion of the range of {*ompositi<ui <A* 
the coals tested by Mahler. Mahler's tests, (‘xtduding lig- 
nites, cover the entire range between 58 and 97 pin* cent-. oi‘ 
fixed carbon, while Lord and ITaas's are confined l)etwt‘en 55.7 
and 62.2 per cent, except the five tests of rocaliontas (*oal, 
which are between 80.1 and 8L2 per cent 

With the three diagrams, Figs. 1, 2, and 3, wt^ may fiml what 
is the probable error of the conclusion that I dri‘W five yt'afs 
ago from the study of Mahler’s work, viz., that ^M^imwing thi‘ 
percentage of fixed carbon in the dry coal free from ash, wt^ nniy, 
in the case of all coals containing over 58 per eemt. of fixed «‘ar- 
bon, predict their heating-value within a limit of error tifMmul 
3 per cent” Excluding the coals that have Ixdow 58 j)c*r etmt. of 
fixed carbon in the “combustible,” the variation of any one of 
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Lord and Haas’s coals from the Mahler line does not exceed 320 
calorics, or 4 per cent. Taking the average figure for each 
class of coals, it falls in all cases within the limit of 3 per cent. 
The figures from Houghton’s tests also fall within the limit of 
4 per cent, variation from the Mahler line, except coal No. 4, 
Brier Hill, 0. (of which only one test was made), which falls 
400 calories, or nearly 5 per cent., below the Mahler line. 

On the whole, therefore, I consider that both Lord and 
Haas’s a,nd Houghton’s tests are a substantial confirmation of 
the conclusion I drew from Mahler’s tests. Taking into con- 
sideration the fact that the reported percentage of fixed carbon 
is very apt to be 2 or 3 per cent, in error, I am disposed to hold 
to my original conclusion, at least until a larger series of tests 
may show that it should be modified. 

Tt is to be observed, however, that the Mahler line fixlls rap- 
idly with percentages below 62 per cent, of fixed carbon ; and 
it is therelbre to be expected that below this point there will 
be a grcaiier range of variation in heating-value than above it. 
Wlum the volatile matter exceeds 38 per cent, an increasing 
])roportion of it is oxygen, and the relative proportion of oxy- 
gen in the highly volatile coal varies in the coals of difterent 
(listri(*4s, as is shown by Lord and Haas’s analyses. Thus the 
Upper Freeport coal averages only 9.58 per cent of 0 (in the 
coal dry and free from ash), while the Hocking Valley coal 
averages 16.10 per cent, although l)oth coals have the same 
percAaitage of fixed carbon, Yi:x., 58 per cent Full credemee, 
theredbre, is to he given to the eonelnsions drawn from lA)rd 
and Hans’s t(‘st8, that,, when the fixed carhoii is less than 62 
per tami.. of the (*-oml)ustil)le, each (dass of coal has a law of 
its own, and coals of any one class tnay difibr in heating-power 
from the (‘oals of another class containing the same percentage 
of fixed (‘urbon to an extent as great as 5 ])er cent— as in 
tlu^ case with the Upper Freeport and the Hocking Valley 
coals. 

If r rightly understand the tiltimato analyses given hy Pro- 
iessors Lord and Haas, the hydrogen and oxygen reported in- 
<dade the irioistnre, as well as the hydrogen and oxygen com- 
hiiHuI with carhoti in the coat f judge this from the fact, that 
the percentage of ash in the ultimate analysis is the same as 
that in the proximate analysis of the moist coal. The <aileu- 
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lated calorific power also appears to be tliat of tbe moist coal. 
This is an unusual method of reporting the ultimate analysis 
of coal. Two other methods are usually followed: 1, that of 
reporting the complete ultimate analysis of the moist coal, but 
distinguishing between the moisture which may be driven oti 
by moderate heating and the PI and 0 which arc combined 
with carbon ; 2, that of reporting the moisture and the ulti- 
mate analysis of the dry coal separately. Taking the average 
Hocking Valley coal, the three methods of reporting are shown 


below ; 

Method of Usual methods, 

the paper. Moist coal. Dry coal. 

Carbon, 68 03 68,03 /2.84 

Hydrogen,. . . . .5.29 4.56 4. 88 

Oxygen, ..... 15.64 9. /S 10.47 

Nitrogen, 1-44 1.44 l.T)! 

Sulphur, 1.59 1.59 1.70 

Ash, 8.00 8.00 8.56 


99.99 

Moisture, 0.59 


90.99 99.99 

Moisture, given separately, 6.59 


The last method appears to be the most convenient (or 
studying the characteristics of diflerent kinds ol (*oal. Tlie 
figures for hj’drogeii and oxygen in the second (‘oliunn are de- 
rived from those in the first by subtracting .J- and f|, respec- 
tively, of 6.59 from the H and 0. The figures in the ihinl 
column are derived from those in the second by dividing the 
latter by (1 — .0659) or .9341. 

I trust that Professors Lord and Haas will (‘ontimu' their re- 
searches on American coals, extending them to coals of other 
districts and of a greater range of composition than tlu>s(‘ in 
their present paper. In such future research it lunal not be 
necessary to go to the trouble and expense of making an ulti- 
mate analysis of each coal. A proximate analysis and a deter- 
mination of the heating-power by means of the btimb (*nlor- 
imeter should give all the needed data. I commend Mahlebs 
words in this connection: “It is difti<iult to determine with 
precision the hydrogen and the carbon contained in a (‘oal ; it 
is infinitely more simple to have recourse to a calorimeter, 
which permits us to appraise the value of all the eomhustibles 
without exception, and with incomparable preeisioud’ 
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I wish to call attention to the fact that the determinations of 
moisture in bituminous coals hitherto published have usually 
been largely in error. Drying for an hour at a temperature 
but a triflo above 212° F. will not drive out all the moisture. 
Coals thus dried and reported to contain 8 per cent, of mois- 
ture have actually contained as high as 14 per cent. It is 
necessary to dry such coals for a long time at from 240° to 
280° F., and until repeated weighings begin to show an in- 
crease in Avcight duo to oxidation. There need bo no fear that 
such drying will drive otf volatile matter. Ho appreciable 
amount of it is driven oft' at temperatures below 350°; at 
least I found this to be the ease with the coals whose heating 
value was determined by Mr. Houghton, mentioned above. 

Prop. N. W. Loro, Columbus, O. ; I have been much inter- 
ested in Ml’. Kent’s valuable discussion and amplification of the 
paper by Mr. Haas and myself. 

His comparison between the available hydrogen and the fixed 
carbon as well as his retabnlation of our results extend the 
application of the work. I wish, however, to note a few points 
in justilieation or cxidanation of some of the matters ho criti- 
cises in the ])aper. 

The HlaU'incnt that the sulphur existing as pyrites can have 
little or no heating-value, I think is hardly warranted. The 
experieiua' of “ iiyritie smelting ” as well as the results of pyrites 
roasters certainly show the fuel-value of sulidiides. The (ioals 
of' Ohio (‘ontain their sul])hur largely in the form of pyrites, in 
some casi's with <pnte a noticeable percentage in the form of 
organic, sulphur comjmunds. The amount present as sulphates 
is very trilling. I have tested several coals for sulphates, and 
rarely found more than a trace. T made two experiments last 
spring, which may l)c of interest as measuring the fuel-value 
of i»yriteH. 

A sample of Pocahontas (;oal (Ho. 1 in our paper) having a 
calorific value of 80G2 ajid containing 0.57 per cent, of sulphur, 
was mixed with pyrites in two projmrtiona, nine of coal to otic 
of ])yrites, and eight of coal to two of pyrites. The coal and 
pyrites were separately reduced to fine powder and then mi.xed 
by rubbing in a mortar. The mixtures were then compressed 
into cylinders for combustion in the bomb. The pyrites used 
was a selected crystal of FeSj. 
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The results were as follows : 

No. 1. Weight of coal mixture taken, . . . 0.938 gramme. 

Actual heat developed after correction for 
wire burned as fuse, ..... 7129 units. 

To calculate the heat due to the production of nitric acid I 
subtracted the acidity due to the sulphuric acid produced from 
the total acidity in the bomb-washings and figured the differ- 
ence as nitric acid. Correcting the figure for heating-power 
for this gives 7107 units for the heat produced by burning the 
0.938 gramme of mixture, but this mixture contained coal. 
The heating-value of this coal (0.9 X 0.938 X 8062) was 6806, 
7107 — 6806= 301, the heat due to the combustion of the 
pyrites. 

The sulphur was determined in the liquid washed from the 
bomb. It amounted to 0.0538 gramme; or, deducting the 
0.0048 in the coal present, 0.0490 sulphur burned as pyriti^s 
produced 301 units, which is in the proportion of 6140 units 
for each unit of sulphur present as iron pyrites in the (H>ah 

A second experiment was conducted in precisely the sanu‘, 
manner on the mixture containing eight parts of e,oal and two 
parts of pyrites. 


11. ii 

Heat of combustion of 0.931 gramme of the mixture, . . (>520 


Heat due to coal, (>005 

Heat due to pyrites, 515 


Sulphur in homb-washiugH as sulphatos, 0.1 04r) ; prcsi'iif in coal, 
0.0042; burned iu pyrites, 0.1003; bon<a'. this experiinenf gave 
5150 units for the beat due to a unit of Huli»bur as pyriti's. 

Of course, these two results do not “elu'c'k” very well, as 
all the errors of the test aeeuxunlated iu the diflereneeH found ; 
but it seems safe to conclude that the boat du(> to the eoinbuH- 
tiou of pyrites in the bomb is soinewberc about 5.500 unifs pen- 
unit of sulphur. Of course the sulphur is here burned to 
SOj, or rather to dilute IlaSOi, and gives more In-at than wluni 
it burns in air to SO 2 . Pyrites contains 53.3 per cent, sulphur. 
Translating the above result (5500) into beat developtal per 
unit of PeSg gives 2931 beat units. 
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Bertliclot gives for the heat of formation of dilute HgSO^ 
what is equivalent to 4388 units per unit of sulphur ; and assum- 
ing 1582 as the heating- value of iron burned to magnetic oxide 
(Andrews), a calculation for the heating-value of pyrites would 
give : 


0.533 S, 2339 

0.467 Fe, 739 

Calculated heat, 3078 


The S being burned to dilute 

This corresponds to the value found well enough to show 
that when pyrites burns, the iron and sulphur give nearly the 
same heat they do when burned separately in the free staic^ which 
justi(i(.\s the introduction into Dulong’s formula of the sulphur 
Uu'in. As to the mimber I have adopted izi the formula (2250) 
for the heat developed when 8 burns to SOg, it was taken as an 
average of several ])ublished figures, and is probably a little too 
high, l)ut not enough out ol‘ the way to atieet the results notice- 
ably, espcH‘ially as the heat due to the combustion of the iron 
was omitted, wliidi it would ap])car should have been incliulod, 
though it would have amounted to very little. 

Mr. K(mt is correct in supposing that the analyses as reported 
included the hydrogen and oxygen of the moisture. This 
seems t.o me the (correct way. I am always in favor of report- 
ing an analytical result just as it is obtained; it can easily bo 
^"figunal on” afterward. 1 think the last point noticicd by 
Mr, Kent is a justification of this course, where he calls atten- 
tion 1.0 the great uncertainty in moisture-determinations. If 
published moisture-determinations are ‘Margoly in error” is it 
not b(‘tt<‘.r to give the ultimahi aiuilysis as it is found, and then 
let th(^ moistnrcMletertnination stand on its own merits? Why 
reduce a, coal to a dry l)asiH” when we cannot be certain what 
the dry basis is ? 

In (‘.oncluding I would say that I am willing to grant the 
g(meral relation between fixed carbon and heating-value in the 
coals having high fixed carbon; but for such coals as the Ohio 
mines furnish, the relation is, as Mr. Kent well says, such 
that (Hich class of coal has a law of its own,” which would cox'- 
respond exactly with the general conclusions of the paper. 
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The Electrolytic Assay as Applied to Refined Copper. 

Discussion of the paper of Mr. G-. L. Heath. (See p. 390.) 

(Lake Superior Meeting, July, 1897.) 

Ekwin S. Sperry, Bridgeport, Conn. : The iinsilysis of rotined 
copper is a subject of great importance, and has not received the 
attention it deserves. Copper metallurgists, therefore, will wel- 
come the paper of Mr. Heath with satisfaction. The state of 
the art of the chemical analysis of copiper has been such that 
consumers, if they could not aftbrd to run any I’isk, liavo been 
obliged to buy copper from the smelter having tlie l)ost reputa- 
tion, and a specification for copper to meet certain renpurements 
could not be drawn up by the mere giving of the chemical eon- 
stituents. Mr. Heath has brought the analysis of the eo}i}»er 
to such a state that when a specification calls for eoppen- ‘‘e<pial 
to Lake copper ” one will know immediately wliat percentage 
of the pure metal to expect. 

It seems to be a pretty well established fact that the copper 
of Lake Superior is pnactically free from antimony and bis- 
muth; and, with the exception of arsenic, the other elements 
are easily separated from copper by electro-dei»ositi()n in an 
acid solution. The authorities differ in regard to tlu' (|uesti(m 
whether antimony is deposited with the copper in an acid solu- 
tion. Classen* recommends the om])loymont of a solution con- 
taining 10 percent, of free nitric acid, sp.gr. 1.21, and the strength 
of the current from 0.3 to 0.4 ampdro, in order to prevent, the 
other metals from being deposited with the ooi>per; and for 
this reason, I presume, the method has been gciuirally nHe<l. I, 
myself, have been accustomed to use such a solution for the 
analysis' of copper-alloys, but have found that for aueh alloys 
only a small quantity of nitric acid is necessary, if sulphuric 
acid is present in sufficient amount to give the solution the re- 
quired conductivity. 


* Qmntitative Andijsk by Electrolysis, N. Y., ISSfi, p. OC. 
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E. E. Smith* says that arsenic can be previously removed 
from a copper-solution by evaporation with bromine. By anal- 
ogy, antimony would probably bo likewise volatilized ; but no 
cxporimonts or references to boar out this point are given. 
If such is the case under all conditions, it is an important 
fact, as an assay can be made of copper containing a large 
amount of antimony or arsenic by first removing them by 
bromine, and then electrolyzing. A searching investigation 
upon this point is of importance. I should be glad to bear 
wbetber Mr. Heath has made any experiments along this line. 

The fact that antimony is deposited with the copper was 
noticed by llampe.f He found that electrolytic copper con- 
tained from 0.007 per cent, to 0.02 per cent, of antimony, and 
this led him to believe that antimony is carried down with the 
<K)pper. He accordingly carried out the following cxpei’i- 
nieuts : 

A sample of copper sulphate containing 25.09 per cent, of 
copper and 0.0083 of antimony tvas electrolyzed by a current 
from six Meidinger-Pincus cells. The deposited copper con- 
tained 0.007 ])er cent, of antimony. Next, an alloy of 99.44 
per cent, of i!op])er and 0.529 per cent, of antimony was dis- 
solved in nitric acid, evaporated -with sulphuric acid until fumes 
W(!re given otf, the residue of antimonic acid filtered oif, and 
the solution then electrolyzed after adding 10 per cent, of dilute 
nitric, acid (sp. gr., 1.21). The deposited copper contained 
0.0198 per cent, of antimony. For this experiment ho used a 
larges amount of alloy, 50 grammes. 

From these experiments it would aispear that, if antimony is 
present in the copper solution, it is impo.s.silfic to prevent its 
simultaneous dei)osition with the copper. Bismuth is appar- 
ently deposited in the same manner. The copper with which 
Mr. Heath has t,o deal can be accurately assayed by the elec- 
trolytic process; hut if antimony or bismuth are present, the 
determination of these olenientH us well as that of the percent- 
age of copper is of vital importance ; the assay by the elec- 
trolytic method, therefore, is not suited for such copper. 

The injurious effect of antimony and bismuth on brass is not 


* Elt'cJro-Chankid Annlym, Phila., 1890, p. 93. 
f Ckmiker Zeilung, xvi., 1892, pp. 417, 418. 
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generally appreciated, hut the difference between good and poor 
brass often lies in the presence or absence of 0.02 cent, of anti- 
mony ; so that it can readily be seen how important the deter- 
mination of these elements is. The freedom of Lake copper 
from antimony and bismuth, and their presence in electrolytic 
material, easily shows that the reputation of Lake brands as the 
most suitable material for the manufacture of high-grade brass 
and German silver has been justly earned. 

Lor the determination of the arsenic, antimony and bismuth 
I have found the method of Rivot* to be the most satislactory ; 
in fact, it is the only method known which is really suitable for 
copper containing very small amounts of these elements. By 
it one is enabled to employ a large amount of copper for analy- 
sis, precipitate it by potassium sulphocyanide, and determine 
the impurities in the filtrate. The copper in such material is 
best determined by difterence. 

I agree with Mr. Heath that copper can be deposited in a 
sulphuric acid solution, and have repeatedly carried out such a 
deposition; but the solution should contain enough acid to give 
it the proper conductivity. The deposited copper is of a dark 
red color, and has not as clean and pure an appearance as wlum 
a little nitric acid is present. Even a few drops of iuud 

is all that is necessary to accomplish this result. As Hainpef 
has shown that nitric acid does not prevent antimony from com- 
ing down, and as bismuth is likewise deposited, the (jucstiou 
occurred to me whether nitric acid was necessary in a large 
amount to prevent the co-prccipitatioii ol‘ such metals as zinc. 
To investigate this point the following experiments were (uir- 
ried out : 

A sample of brass made from Lake copper and pure spelter 
was rolled to I^'o. 30 gauge in order to render it hoitmgeneous, 
and three determinations of the eojiper were made. One 
gramme was used in each case. 

A. — Dissolved in nitric acid; added enough stilplmric a<*id 
to convert the zinc and copper into Bulpliaies, but to U*ave no 
excess. Evaporated until all the nitric acid was removed, aiul 
then added 8 c.c. of nitric acid of sp. gr. 1.21. Diluhnl until 
the volume was 80 c.c. and electrolyzed with a current of 0.8 


t Ij 0C. ciL 


^ Compies JRendus, xxxviii., p. 868, 
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ampere. Allowed the deposition to take place until all the 
coi)per was deposited, as shown hy testing with hydrogen sul- 
phide. Washed with water, and then with alcohol. Dried hy 
igniting the alcohol. 

Ih — Dissolved in nitric acid and evaporated with 5 c.c. of 
concentrated sulphuric acid, sp. gr. 1.8, until the nitric acid 
was removed. Diluted to 80 c.c., added 5 drops of nitric acid, 
and then electrolyzed as heforc. 

C. — Dissolved in nitric acid, evaporated with 2 c.c. of con- 
centrated sulphuric acid until the nitric acid was removed. 
Diluted to 500 c.c. ; added 50 c.c. of hydrochloric acid of sp. gr. 
1.1, and precipitated the copper l)y hydrogen sulphide. Fil- 
tered, with the Tisual precautions, and then dissolved in nitric 
acid, evaporated with 2 c.c. of concentrated sulphuric acid, 
added 4 c.c. of nitric acid, sp. gr. 1.21, and electrolyzed. 
Tixuited the copper as l)efore. 

The results obtained were as follows: 


A. B. c. 

Copper, per cent., . . , 63,855 63.342 63.312 

These results show that a large amount of nitric acid is un- 
lUHjessary in the analysis of the alloys of copper and zinc, and 
that a sulphuric acid solution is satisfactory. There is one 
point to he ta,ken into consideration, however, namely, the dis- 
advanlage of considoralde Hnl[)hnric acid in the solution re- 
maining after the (le[)Ositiou of the copper. If such a solution 
is to be (waporat<Hl to dryness, a nitric acid solution such as was 
employed in experiment A above is the most suitable. In the 
assay of copper, as described hy Mr. Heath, the sulphuric acid 
solution ofilu^ strength numtioned hy him certainly otfersmorc 
iidvantages than the nitric acid solution. 

The Ibllowing assays of Lake copper made on 1 gramme of 
material closely agree with those of Mr. Heath, and may he of 
iufer(‘st. The assays were made upon borings from the same 
ingot. The tollowing results wore obtained : 

A. B. 

(kipper, per cent., 99.90 99.91 

The mention by Mr. Heath of the fact that ammonia is 
formed during the deposition of the copper is important, and 
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should he taken into consideration, if other metals are to he 
determined in the solution. For instance, in the analysis of 
brass by depositing the copper in a solution containing con- 
siderable nitric acid, enough ammonia is often formed to pre- 
vent the complete pirecipitation of the zinc by sodium carbon- 
ate. I have repeatedly found results to come too low, if in 
such a case the ammonia is not removed before in-ccip)itation 
with sodium carbonate. 


Peof. Edgar Kidwell, Houghton, Mich. : I would call atten- 
tion to a method of charging storage-cells which, though I'aroly 
used, is j)articularly adap)ted to 'woi’k ot the kind here described. 
Owing to the large extent of ground covered, the alternating 
current is frequently used for incandescent lighting on mine- 
locations, while the outside lighting is done by are-lamps. 
Because of the high first cost and ti*oublc ot looking aitc'r a 
rectifier to charge storage-cells from alternating-current mains, 
I believe it is in every way best, in such oases, to ehargts from 
the arc-circuit. The only reason why this is not more g('uer- 
ally done is because of the element of danger existing when 
defective switehing-apjpiaratixs is emjrloycd. Several years ago 
I had to handle a problem like this at the Michigan College of 
Mines, and designed automatic apparatus which has since been 
in continuous use and has given perfect satisfaction. The bat- 
tery consists of over 60 cells. When charging, th<‘y are all ar- 
ranged in series. Charging is done at night, when no one has 
occasion to use the battery. Beyond looking after the pliysieal 
condition of the cells nothing needs to be done except to throw 
the main switch at any time during the day, if the cells are to 
he cut ill or out that night. Even when charging with a, (i.8- 
ampdre current, sufficient energy can he stored during th(‘ night 
to supiply the needs of the departments of pihysics and chem- 
istry for the following day. Anyone interested <‘un stai the 
plant in full operation at the college. 

The switching-apiparatus is fully dcsci’ihed in tlie Elcetrival 
Engineer, Hovembor 11 and December 16, 1896. They are free 
to anyone who cares to make them. The Automatic Circuit 
Breaker Company, Newaygo, Mich., made from my sketches the 
apparatus used at the college, and no doubt would be glad to 
supply anyone who needed similar apparatus. 
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Frank Tvlepetko, Great Falls, Mont, (communication to the 
Secretary) : Mr. Erwin S. Sperry mentions the fact that Hampe 
found from 0.007 to 0.02 per cent, of antimony in electrolytic 
cop})er. Mr. llampe, at the time he made his. experiment, may 
indeed have found this amount of antimony in electrolytically 
deposited copper, for the science of depositing copper electro- 
lytically was then in its infancy. Such capper as was then pro- 
duced hy this method could not now be sold in competition 
with the metal deposited to-day in modern electrolytic plants. 

At the Great Falls works we sample and analyze each ship- 
mentdot of cathodes, also each shipment-lot of wire-hars. We 
invariably hnd that the total cpiantity of arsenic and antimony 
,is l)(‘low 0.005 per cent., and we do not think that this (piantity 
of arsenic and antimony would have any deleterious effects on 
the <[ualitit^s ol* brass. We find that this quantity of arsenic 
and antimony is not sufficient to prevent the copper from being 
us(‘d for high-(*onductivity wire. We do not find it necessary 
to (‘stimale the arsenic separately from the antimony, separate 
(U‘t<'rmimitions having shown that al)out two-thirds of the com- 
bined (piantity is antimony and one-third arsenic. Our usual 
analysis, tluuH^tbn^, determines only the total of both. 

As a, furtluu’ eluHik on the ehemist, we have a wire-drawing 
apparatus, and the wire is tested for conductivity. Our results 
clu‘ek v(uy {*los(‘ly with those obtained on samples of the same 
copper sent East for (‘.onduetivity-dc^terminations. 

Mr, Hperry may have some information showing at what 
point or at what pereentage antimony and arsenic as impurities 
ot* eopper begin to affect injuriously the qualities of lirass. 
1 think the Institute would he pleased to hear from liim on this 
point. 

In this eonmudion I give a deseriplion, written by Mr. G. A. 
Ileberhun, our elumnst, of our method of determination of 
(‘ombiiuMl arscmic and antimony in cathodes and wire-bars, and 
also for tlH‘. Siqianite detcrnnmition of these elements, as prac- 
ticed in our laboratory. 

D(ivnuiH(fihN of Armih and Antimony Separately m Wire-J)ar 
and Cathode Copper, 

Weigh out 100 grammcB in portions of 25 grammes each. 
Dissolve viivh portion in 95 c.c. of concentrated nitric acid 
VOL. .xxvn,“-63 
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(HITOg) and 75 c.e. of water. Should the sample consist of 
borings, add the acid slowly. Treat each portion as follows : 
evaporate to one-third the original volume ; take up with solu- 
tion containing 800 c.c. of water, 22 c.c. of concentrated sul- 
phuric acid (HjS 04 ), and 2.5 grammes of ammonium nitrate 
(NH„ NOj) ; electrolyze in a tall No. 6 GrifBn beaker with a 
two-ampere current. 

Use a platinum cylinder, 4 inches high and 3 itiehes in di- 
ameter, having 80 rectangular 1-J by -J-inch perforations in two 
j)arallel rows inch apart, for cathode. For anode, use a cork- 
screw spiral of No. 16 platinum Aviro, running at a distance of 
I inch parallel to the inside of the cylinder for the full length 
of the latter. The shape of the cylinder, and that of the spiral, 
insure a sjdeudid circulation and a uniform deposit. 

Fifteen hours should be sufScieift for the deposition of i)8 per 
cent, of the copper on the cylinder, and the deposition should 
not be carried further than this. Wash oft' spiral and cylinder. 
Combine the contents of the four beakers and evaporate till 
strong fumes of sulphui’ic acid indicate the absence of nitric 
acid. Allow the contents of the evaporating-dish t(A cool. Al'ter 
taking up with 800 c.c. of Avator, transfer to a No. (5 beaker. 
Wash out the dish Avith 20 c.c. of concentrated hydro(*hlori<‘ 
acid to remove any trace of antimony adhering to tlu' insidi' of 
the dish. After combining the tAvo solutions, dissolve 1 gramme 
of tartaric acid (CJI|.0^) in the warm solution, ft' any insoluble 
residue be present, filter off and treat accoiuling to (lire<*tions 
given beloAA’'. 

Tlirongh the warm solution pass sulpburi'.tted hydrogen till 
saturated. After 12 hours’ standing, filter and digest the sul- 
phides in Avarm sodium sulpliide solution, 1.1 specific gravity, 
in a stopporod flask for five hours, which dissolves completely 
the sulphides of arsenic and antimony. Filter and precipitate 
in the filtrate the above-mentioned suljihides by the adilitiou 
of dilute sulphuric acid. When the sulphides (mi.xcd Avith 
sulphur) are settled, filter, and dissolve the c.ontcmts of tlu< 
filter in 1 part concentrated hydrochloric acid, 1 part watiw 
and chlorate of potash (KOIO,,) snftieient for oxidation. Drivii 
oft' the chlorine. Filter off the sulphur. Add hydroehlorie 
acid Aintil the filtrate contains tAVO parts of hydroehlorie. acid 
(HCl) to one part of water. Add also SOO milligrammes of 
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tartaric acid. Pass tliroDgli sulpliiiretted liydrogen to satura- 
tion. All the arsenic will be precipitated as a mixture of 
and S, while antimony will remain in solution. Allow to 
stand 10 hours; treat the filtrate according to directions later 
given. Filter oft' the sulphides of arsenic, re-dissolve, and 
weigh ultimately as pyro arseniate or as trisulphide. 

Dderiiimafion of Arsenic as Pyro-Arsenuitc, — Ee-dissolve the 
siilpliides in a solution containing hydrocliloric acid, water 
and chlorate of potash. Drive oft' chlorine by heat. Add am- 
monia tc) alkaline reaction. Add an additional quantity of 
annnonia equal in volume to the volume of the solution. Cool, 
and add a few drops of magnesia mixture, containing one part 
magnesium sulphate, two parts ammonium chloride, eight parts 
water and four parts ammonia. Allow to stand 12 hours. The 
precipitate consists of magnesium-ammonium arseniate. Dry, 
heat gradually as prescribed by Fresenius, until the filter is 
consumed. Finish at bright red heat. Cool and weigh as 
pyro-arseniate of magnesia. 

Detiirnmation of Arsenic and Aniimon}/ Together, 

Instead of sei)arating arsenic from antimony in the hydro- 
chloric-tartaric axud solution which was finally obtained, dilute 
the solution to four times its volume; pass sulphuretted hydro- 
gen to saturation; filter the combined sulphides on a 4 cm. 
filUa* (weighed and dried in weigh-bottle at 110® C.); wash 
with water, absolute alcohol, carbon bisulphide, and finally ab- 
solute alcohol again, very carefully; then dry at 110® C., cool 
and weigh. 

By allowing to dried filters in weigh-bottles the same time 
for cooling in the desiccator when getting weight of bottle 
and filter-paper only, as jii'terwards when filtered sul^ihides are 
dry and ready for weighing, very uniform results are obtained. 

Arsenic* being jnxHfijiitated as AsaB.^ and anthnony as BlvBj,, 
their respective factors being 0.609 and 0,600, the factor 0.6 is 
used in calculating, from the weight of the combined sulphides, 
the peiHsentage of arsenic plus antimony. 

JMerminarnm, of Arsenic as Trisulphide, — ^Ee-dissolve the sul- 
})hides in a solution contiiining hydroddoric acid, water and 
chlorate of potash. Dilute to at least twice the volume. Bass 
through the warm solution Bulphuretted hydrogen to satura- 
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tion, to instire the thorough reduetiou of the solution. Arsenic 
will be precipitated as trisulphide. After 5 hours’ standing, 
filter. Wash carefully with water, absolute alcohol and carbon 
disulphide, in succession. Finish the washing with alcohol. 
Dry at 110° C. Weigh on filter as trisulphide. 

Usually the trisulphide method is employed. For a check 
upon it, we use the pyro-arseniate method. 

Treatment of Filtrate Containmg Atitimong . — Dilute the filtrate 
containing antimony to at least four times the original volume, 
and pass sulphuretted hydrogen through it to saturation. Ihe 
antimonie sulphide (SbjSj.) is filtered oft and converted into 
Sb,0, by treating filter and sulphide in a weighed porcelain 
crucible with fuming nitric acid. Heat gradually to bright red 
heat. Cool and weigh as Sb^O^. 

Treatment of Insoluble Residue from the Electrolyte . — Treat any 
residue from filtering by destroying the filter with turning 
nitric acid. Fuse the residue with a mixture of sulphur and 
carbonate of soda. Dissolve in water and filter. Acidulate 
the filtrate with dilute sulphuric acid. Allow the preanpitate 
to settle, then filter, and dissolve in hydrochloric aci<l, wat('r 
and chlorate of potash (KOlOj). Add this solution to the iil- 
trate from separation of antimony from arseni(.'. 

This method of determining arsenic and antimony has been 
repeatedly checked by the sulphoeyanide nudliod, and fo\md 
to be equally accurate and more convenient, as a gnuit many 
determinations can be run through at the same time. 

For very impure anode-copper, we use 25 grammes for d(‘- 
termiuation, and obtain good results by cutting the ch'ctrulysis 
short when about 90 per cent, of the copper has been (h-posilcd 
on the platinum cylinder. 

The copper should have the light rose-color ami luster of 
copper deoxydiEod by hydrogen, and should show a very tine 
texture. 

Mr. Heath: It seems that some statements in my original 
paper have started the ball of discussion rolling, so that the 
original topic has merged into a very interesting discuHsion by 
practical men on the highest amount of antimony ami arsenic, 
allowable in refined electrolytic copper, the influence, of im- 
purities on the conductivity of wire-bars and on the properties 
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of brass, and, finally, metliods for tlie rapid estimation of these 
noxious elements. 

Mr, Sperry has agitated an important question with reference 
to the limitations of the battery-assay by discussing the influence 
of antimony in solution, and emphasizing the fact that copper 
apparently deposits in a cleaner, brighter plate when a few drops 
of nitric acid are added to the sulphuric acid solution of copper. 

It will be noted that luy preceding paper recommends a care- 
fully proportioned mixture of the two acids in pi^eforeiice to 
either alone; the proportion of sulphuric to be increased with 
the incirease of impurities in the material analyzed. 

Tliere is some disagreement among experimenters concern- 
ing antimony. 

Alex. Classen (on p. 93 of the book Mr. Sperry quotes) states 
that Copper can be separated (from Sb and As) only when 
the quantity of arsenic or antimony is small, and when the cur- 
rent is allowed to act only long enough to reduce the copper.'’ 

llampe, according to his article cited by Mr. Sperry, found 
a trace oi‘ antimony in electro-deposited copper. He used the 
<*urrc‘ut of six Meidinger cells (or probably throe-tenths ampere, 
if the (‘ells were in full working order), which may have been 
a little too strong, or too long continued after the deposition 
of copper was conn)letc. 

I luive just finished the following experiment, which illustrates 
the point: 

JEJxperimerii No. 8. 

0.1 gramme of antimony was dissolved in 5 c.c. strong sul- 
phuric acid, diluted to twice its bulk, and poured into a solution 
of 1 gramme of pure copper dissolved in 5 c.c. of strong nitric 
acid. 

Tlu‘. solution was diluted and electrolyzed, without filtering 
off antimonic aend, with the use of a current which measured 
only 0,05 ampere with the Bunsen voltameter in circuit. 

lltHUa* cotuUtioiiH ili,c plate remamed perfectly bright until the liquid wan 
colurlcHH, and all but a trace of copper was deposited, when the plate quickly 
begati to discolor, and the result was a little high. This corroborates Classen’s 
staUuneut, 

I cannot agree with the inference that the hattery-assay is 
not suited to any refined electrolytic copper, since I have, hy 
Ilampe’s methods, proved much electrolytic copper to contain 
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only traces of arsenic or antimony, and have obtained as good 
rose-red plates of copper by the electrolysis of such material as 
with native metal. 

In case a plate should be slightly darkened, it may be ignited 
to drive otf a trace of impurity (as recommended by Classen); 
and the oxide may sometimes be removed from the deposit in 
a neat manner by placing the electrode in a beaker of distilled 
water, containing a few c.c. of acid, and reversing the current 
a short time, then reversing the current again. A positive 
plate, with considerable depositing-si-rface, is to be used. 

I have been accustomed to remove antimony and arsenic 
from alloys, casting-metals, etc., in the usual manner, by appro- 
priate treatment of the copper solution with hydrogen sulphide 
and alkaline sulphides, but this is a tedious process. 

When arsenic only is present, Mr. A. li. Low’s method of 
removal has appeared to be the most satisfactory.'^ 

He prepares a solution of 2 grammes of sulphur in 10 c‘.c. of 
bromine, and adds 2 c.c. of this mixture to a hydrochlori<*. acid 
solution of the copper, from which most of the free acid has 
been first removed by evaporation. The liquid is boihul ono- 
half-minute; then 10 c.c. of strong suli)hiiric acid is ad(h‘d, and 
the flask is heated until the acid boils freely. 

Mr. Low, however, says : There appears to be no simple 

way to remove antimony.” 

Appreciating the value of a method io ac(*omplisli this, I 
have made a few experiments since receiving ilu‘ fon'going dis- 
cussion, and have found a method wliich, as fur as pn'sent 
practice goes, proves very satisfactory for the removal of large 
quantities of antimony. 

The process depends on the following Btatinnent, of Watts rj* 

'‘Bromide of antimony (SbBrj) is purified by distillation. It forms, on cool- 
ing, a mass of colorless needles, deliquescent, melting at 90® (Vut., volatile at 
270®. Water decomposes it, forming an oxy-bromido. 

“This compound may be prepared by dktiUmg a mixture of antimony sulphate 
and potassium bromide.” 

As arsenic would generally accompany antimony in copiK-r, 
the tests were made as follows : 


* Beters's Modern Copper Smelting, ed. ISDo, p. 52. 
t Watts’s Diet of Ohemisinj, ed. of 1883, vol. i., p. 317. 
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Experiment No. 9. 

0.1 gramme of metallic antimony was placed in a porcelain 
casserole (No, 3A; 3| inches, or 9.5 cms. in diameter) and dis- 
solved in ((qua rcgia^ the nitric acid removed by evaporation and 
the solution treated with 10 c.c. of bromine containing 2 
grammes of sulphur in solution. 

The liipiid was then evaporated on an asbestos ])late, or 
sand-bath, to a syrupy condition ; 20 c.c. of pure liquid bromine 
was then added, and the mixture carefully evaporated until the 
mass was pasty and the bromide (or sulphobromidc ?) of anti- 
mony volatilized slowly in white fumes. 

Care was taken not to over-heat any portion of the dish ; and 
in an hour or more nothing was left but a little carbonaceous 
film containing only traces of antimony. 

Experiment No. 10. 

0.1 gramme of a^ntimony was dissolved in 5 c.c. of strong 
sulphuri(*- acid and the bromine distillation conducted as in 
Exp(‘nnumt No. 9, until the sulj)huric acid was also driven off. 
The removal of antimony was nearly complete, but not (piite so 
p(‘rf(‘ct as in No. 9. J\)ssibly, if the sulphuric acid solution 
had bcHMi neutralized with an excess of potassium bromide 
(Watts, lo(\ c//.), the action would have been complete. 

Experiment No. 11. 

A hydrochloric acid solution of 0.05 gramme of antimony 
was added to a hydrochloric iw\d solution of 1 gramme of pure 
(‘opp(U’, contained in a (No. 3A) casserole, and the solution was 
evaporal(‘<l nearly to dryness. 

It was I, hen eva]K)rated again, as in Ex])eriment No. 9, with 
2 gratnm<‘s of sulphur dissolved in 10 e.c. of bromine until the 
mass was pasty. The syrupy residue, was then treated with 20 
c.(*. of pure Tupiid bromine, and the eva])oration was continued 
on the saml-bath until whitish Aunes of antimony l)romidc were 
no longi'r (‘volved, and the copi»er salt was (piito dry and light 
gray in (H)lor. 

1dm cassi^role was k(‘pt (K)vorcd a short time at first, to guard 
against, loss by spattering. 

T1k‘. hy<lroelil<>ri<i a(*i<l was, of course, partly removcul, l)ut it 
wouhl possibly bo better to use hydrobromic acid in the first 
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place, instead. The distillate on the inicler-sidc of tlio glass 
cover, which was at first emploj^ed, was dissolved and tested, 
hut contained no copper. There ought not to he any loss of 
cuprous bromide at this temperature, if no part of the dish is 
too strongly overheated. Chloride of copper, it very strongly 
heated in contact with air, would he liable to loss. 

The residue from Experiment ISTo. 11 was found to contain 
only a trace of antimony ; hence this method for the removal oi 
the obnoxious elements, antimony and arsenic, has proved, so 
far, to be very satisfactory, and is recommended to chemists tor 
trial. If it proves as successful with others as with the writer, 
it will enlarge the scope of the battery-assay, and make pos- 
sible its direct application to the analysis of crude metal. 

Methods have been published by w^ell-known autimrities for 
the subsequent estimation of traces of bismuth, if ]u\‘seut in the 
deposited copper plates, or for the electi'olysis under special 
conditions wdiich will partially, at least, prevent the ([(‘position 
of bismuth. 

I will give a short account of other practical methods which 
I have successfully used for the estimation of arsenic* and anti- 
mony in refined copper. It may be noted that bismuth — and 
tellurium — are more detrimental to the refined ele(*tr(>lyti(‘, 
copper than even arsenic and antimony. As bismuth lias a 
greater tendency to deposit on the cathode tlnin the latter 
metals, a trace of it at least is generally found in the refined 
metal. 

The scheme of Mr. ITeberlein, communicated by Mr. Ivk*- 
petko, is evidently a very good eommereial nuhhod. In a 
recent article* Mr. Ilermg attributes a similar nu'thod to Mr. 
Thofehrn when in charge at the Anaconda works. 

I have used Hampe’s methods for the separation of tnna^s of 
impurities from copper for years, and have been neeustomcMl to 
separate arsenic and antimony from copper and from (‘inli 
other by one of two or three lucthods, according to (ureum- 
stances. 

Mr. Ilcberlein’s plan of fractional precipitation ofarsemh* in 
very strong acid solution, in prosence of antimony, must give a 
very good separation, excel )t possibly (as stated by Mr. Ilerrag) 
when a little antimonic acid is present in the solution, 

* Eng. and. Min. Jour.j April SO, 1898, p, 518. 
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The employment by Mr. Ileberlein of a large cylindrical 
platinnm cathode with many perforations is a commendable 
idan for the rapid removal of copper from solution, and worthy 
of ado})tion l)y all laboratories. 

Alter arsenic and antimony sulphides have, in the course of 
analysis, been separated from precipitated copper sulphide by 
extraction wiili pure sodium suljdiide, and that solution acidi- 
iied with dilute sul[)hiiric acid and filtered, the residual sul- 
phide's of avsenic and antimony may be separated as follows : 

1. Hy fractional precipitation; Mi*. Ileberlcin’s method. 

2. By electrolysis ; Classen’s method, modified by Lecrenier 
as follows : 

The sulphides arc dissolved in fuming nitric acid, the acid 
removed by evaporation, the residue dissolved in pure sodium 
mouo-snl])hidc (dO c.c.), diluted to 200 c.c. after heating with 
sodium siil}>hilc, as directed by Lecrenier, and the antimony 
removed by electrolysis. 

One (jan obtain very good I'esults in this way, but it requires 
car(‘,. A better method for tlie separation ol' arsenic from traces 
of autimon}?* is the well-known precipitation of arsenic acid 
witli magnesia-mixture. The usual method given by Fresenius 
gives low rc'sults, unless a (iorrection is made for the solubility 
of the ammonium magnesium arsenate. 

J hav(^ modihed this process so that the loss is so small as to 
be pra,(*ti(*ally negligible. 

This is accomplished by keeping the total volume of the 
solution, after the arsenic is ])recipitated, at 15 c.c. only. 

d. By a Tuodified method described below. By this method 
the following results were obtained with quantities of pure 
arsemious oxide as large as would ordinarily bo present in a 
refined electrolytic copper : 

Wolglit of arsenious oxide. Crrammc. 

J. II. III. 

Pure ammious oxide taken, . . 0.0H8 0.0108 0.0013 

found, . . 0.0116 0.0110 0.00115 

difference, —0,0002 +0,0002 —0.00015 

Dctdlh. — Af'ter tliu purified BulpliideH of arseuic and a little 
untiinony have been treated with fumiiij? nitric acid or aqua- 
ree;ia, aud the Hulphiden and sulphur dissolved, the solution is 


* Btiiith’s Ekcti'o-Chanicul Analj/sis, Philti., 1890, p. 88. 
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diluted somewliat and filtered from asbestos (if an asbestos 
filter had been used) and the clear solution evaporated to dry- 
ness on the water-bath. 

Then dissolve in 1 c.c. of strong sulphuric acid 0.1 gramme 
of solid tartaric acid; add 5 c.c. of water, filter again (it not 
perfectly clear) through a very small filter into a No. 000 
beaker; wash twice; neutralize with a slight excess ot aanino- 
nia, and bring the solution either by dilation or evaporation, as 
necessary, to a total volume of 10 c.c., as shown by a marked 
paper pasted on the beaker. If much copper was dissolved in 
the first treatment with sodium sulphide, a second sc‘paratioii 
of soluble sulphides from that element maybe necessary before 
this part of the operation. 

Cool the solution (Vol. = 10 c.c.); add 1 c.c. magiu'sia-mix- 
ture (= 0.04 gramme MgSO^) and make up to the 15 c.c. mark 
with concentrated ammonia. 

The magnesia is made as follows (Fresenius’s formula): By 
weight, 1 part magnesium sulphate, 2 parts ammonium chlo- 
ride, 4 parts strong ammonia, and 8 parts water. 

Filter after twelve hours; transfer ammonium magnesium 
arsenate to the 3 cm. filter with the aid of filtrate and wash 
finally with 10 c.c. of dilute ammonia (1 part to 3 ol‘ waler). 

Place the moist filter in a weighed porcelain (‘rmublt*, 
moisten well with saturated solution of ammonium nitrate, 
ignite cautiously until the paper is charred, moist(‘u with the 
same reagent again and ignite finally at red heat. 

Separate the trace of antimony from a(*idulated solution us 
sulphide. 

4. By the following method, when arsenic alone is piH*s<mt in 
copper. Much of the refined product on the marki‘t contains 
no antimony. To detect and accurately determine a slight 
trace of arsenic in sneh metal, I devised a very d(di<'at(‘ !no<!i- 
fieatiou of the old, well-known Marsh test, whicli has Ihhu) im- 
proved (in accordance with the suggestion of Hchmidb^) so as 
to yield strictly quantitative results in three hours from the 
time the residue of arsenions sulphide luis Ikhmi obtained by 
acidification of its solution in sodium Bulphide by tin** usual 
method of separation from copper. 

* Jour. Anal and App, Chem,, vol. vi., p. 408, July, 1892, froia Zdi, ./b- 

CIiG7nie» 
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This residue is attacked with fuming nitric acid, 5 c.c. of 
concentrated sulphuric acid added, and the nitric removed by 
heating. The remaining acid is diluted with 2 parts of water 
and the solution slowly passed through a Marsh evolution 
apparatus containing 25 grammes of powdered zinc and a drop 
of ])lalinic chloride, and enough water to seal the tube. Then 
0.5 gramme of pui'O tin foil is dissolved in 5 c.c. hydrochloric 
aci<l and added to the arsenic solution, before passing through 
the generator. This makes the evolution of arsenic as arseniii- 
retted hydrogen strictly quantitative. The details of the method 
arc fully described in \\i(^ Engmeeriiig and Mining Journal , with 
Ihe proofs of its accuracy. 

The evolution of the gas and the cooling and weighing of a 
section ol‘ the ghiss tube with metallic film do not require con- 
stant attention. The operation maybe completed in two hours, 
a,nd is very useful for the testing of copper containing no an- 
timony, and only minute quantities of arsenic. It does away 
witli any furtlun* ])u inti cation of the first precipitate of sulphur 
and arsenious sulphide by rei)rceipitation and washing with 
variouvs reag<mts on tared “filters. 

I lu)pe to be able to communicate, in a short time, a perfected 
method, on the lines suggested in my original paper, for the 
dire<‘t electrolysis of (‘opper containing both arsenic and anti- 
mony, thus widening the applications of the ‘^lattery assay” 
of c(>])per. 


The Influence of Lead on Rolled and Drawn Brass. 

PlscasHion of the Paper of Mr. K. S. Sperry, (See p. 48o.) 

(Lake Superior Mooting:, July, 1897.) 

Fiiank Firmstonh, EuBtoii, Pu. : Tlio ettbet of IcMul on bi’ass 
HctiiiiK to liavo boon rocoguized by Bcd.lnor, and the facta pub- 
lialuHl by him us early uh 1818 (Ami. des Mines, Iwt ser., iii., 
1818, i>. ';547 ci .wj.). 

lie Uu're wayH i(x])n'SHly that copper containing load makes 
“dry” (.s'cc) brass, and that, for the same reason, blast-furnace 

* Juno 20, 1897, 7ol. Ixiii, p. 603. 
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cadmia ’’ was preferred to calamine by the makers of brass 
by the cementation process. 

In the same memoir he says that dry ’’ brass does not 
clog the tool, and that brass which docs so is called fat ” 
( gras)^ is more ductile and tough, and is used for pin-wire. 


Some Dike Features of the Gogebic Iron-Range. 

Discussion of the Paper of Mr. C. M. Boss. (See p. 550.) 

(Lake Superior Meeting, July, 1897.) 

George H. Abe el, Hurley, Wis. (communication to the Sec- 
retary) : Doubtless Mr. Boss did not mean to be understood as 
saying that the dikes of this range are everywhere overlaid 
with iron-ore. I know of places where the dark, massive dike 
is found near the surface, but no ore is found on it. And his 
statement (p. 657) that wdierever the slightest inclination is 
shown it is always to the east,’’ should be modified to usually.’' 
There are several instances of a westward pitdi, c.//., ixi the 
Palms, Newport and Odanah pro})erties, and also at the Mon- 
treal mine, where we encountered in the ore a small dike 
pitching west. 

Mr. Boss’s statement (p. 550) that the ore of the Pema^ mine 
lens ^Mias all been removed from the Pence and Father Hen- 
nepin lands, and practically from the Montreal propeudy, and 
is now being wrought by the Montreal Mining (dnnpany (Ui 
the ^Sec. 33’ property,” does not convey the exact state ol* tlu^ 
latter company’s operations. We are still mining or(‘ on the 
Montreal property from the lens referred to, and exptad. to 
tinue doing so for some little time to come. On the (dlu‘r 
hand, we are getting a sliaft down to the ore on the 33 ” 

property, but we have not yet encountered the diki‘. This <*an 
hardly bo considered as working the ore. 1 do not undiu*- 
stand upon wduit evidence Mr. Boss can consider tlie eoriHHd- 
ness of a previous hypothetical location of the dike to have 
been established within 2 feet,” when the dike has not yet 
been reached. Possibly ho has been misled by luairsay re- 
ports. 
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The Efficiency of Built-Up Wooden Beams. 

Discussion of the Paijei’ of Prof. Edgar Kid\^eU. (See j). 732.) 

(Lake Superior Meeting, July, 1807 ) 

Prof. TTenky S. Jacoby, Cornell UinrerHity,Itluica, N.Y. (eom- 
nuiniciition to the Secretary) : When a simple beam supports any 
given load, the lower fibers are in tension while the upper libers 
are in compression, and if its cross-section is rectangular the 
neutral surfac*,e, whore the stresses pass through xero from ten- 
sion to compression, is at mid-depth, provided the elastic limit 
is not, <n\t*eeded. In addition to the longitudinal stresses, there 
are horizontal shearing-stresses between the iibers which have 
their maximum value in the neutral surface, and which equal 
zero at. the u])j>er and lower surfaces, while there are also 
vertical sbearing-s tresses. 

Let another biann of the same dimensions be placed on top 
of this one, and the load be doubkal, it then produces stresses 
in each bea.m of the same (duiracder, magnitude and distribu- 
tion as in the ])receding case, provided there be no friction be- 
tween the adjac^eut surfaces of the heams. 

Next hd. these two l)eamH be so firmly united that there will 
])(} no motion between them when the same load is again ap- 
])lied. All the iibers in the npj)er beam are now in compres- 
sion, and those in the lower beam in tension, while the maxi- 
mum stiH^sses in the outer fibers are only one-half as large as 
before. The. strength of the combined beams is tluTefore 
doubled. If, however, some motion occurs between the beams, 
then the stresses in some of the lower fibers of the upper beam 
pass from eonq^ressiou to tension, and those in some of tlie 
upper li!)ers of the lower beam from tension to eornpression, 
while the stresses in the outer fi])erB have a magnitude between 
the two values previously stated. 

These fundamental faets relating to the flexure of beams in- 
dicate the necessity of carefully designing the keys or brace- 
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blocks of built-up or deepened beams in order to secure a high 
degree of efficiency. If the literature of the subject gives any 
indication of the general px'actice, it seems that but little atten- 
tion has generally been paid to this feature. 

On account of the compressibility of timber across the fibers, 
and its low compressive strength in this direction, as compared 
with the compressive strength in the direction ot the fibers, it 
is practically impossible to secure the best efficiency with 
wooden keys whose fibers run across the beam. If the load be 
stationary, and it were possible to drive the keys to such an 
initial compression that no further deformation w’-ould occur 
after the load were placed in position, then the tinil>ers might 
be prevented from sliding, and the built-up beam would have 
the same strength and deflection as a solid beam of the same 
material and dimensions. This would, however, he much more 
difficult with the arrangemeut of keys shown in Fig. 25 of 
Prof. KidwelPs paper than with the inclined keys in Fig. 1 
Since the keys in either case tend to rotate, it would farther 
be required that the keys bo wedge-shaped in both directions. 
This, in turn, would considerably increase the secondary Ilexunil 
stresses in the main timbers, caused by ])]aeing the bolts mid- 
way between the key^s. 

The deflection diagrams 7 and 8 indicate remarkaldy good 
results; but whether the same results may l>e secured with 
component sticks of say 12 by 12 inches will depend upon the 
practicability of driving the larger keys equally tight without 
crushing them in the operation. 

Let beam No. 20 be taken as an example. If its deflt‘<‘tion- 
curve in diagram 7 be produced to the axis, the initial dellec- 
tion is about inch. This initial drop is due primupiilly tt^ 
the local adjustment of the bcaring-surfaees, and wt^akens the 
beam, pn'ovided it deflects below the horizontal. If the beam 
bo slightly cambered, so that after the application of a givim 
load it does not deflect below the horizontal, it is n^asonably 
certain that the fibers in the lower timber are all in tensiom 
The diagram shows that under a load of 1400 pounds the de- 
flection, less the initial drop, is inch or 0,1 5(! inch. The 
computed dofloction of a 8()li<l beam is 0.127 inch if the (’o- 
cfKcient of elasticity E be taken as 1,000,000 potmds, ami 0,141 
inch if E bo assumed as 900,000 pounds per square incln The 
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clifibreiicG between 0.156 and 0.141 is inch, or 10 per cent, 
of the former value. The corresponding stress in the outer 
fibers is computed to be 965 pounds per square inch. Since 
tlie coefficient of elasticity was not obseiwed for the sticks used 
in the beam, it is not possible to determine what the efficiency 
is under safe unit-stresses. A part, if not the whole, of the dif- 
ference in deflection might be due to the fact that the end-keys 
were placed 3 inches inside of the supports. 

The efficiency, as determined by relative breaking-tests, is 
not useliil for the purpose of designing structures whose stresses 
are newu’ to i)ass beyond the elastic limit, unless the conditions 
are at h^ast approximately the same in both cases, until rupture 
occurs. With the same load of 1400 pounds the deflection of 
beam No. 24 is inch greater than that of No. 20, With the 
same coefficient of elasticity its efficiency, based on deflection 
under sale loads, is less than that of No. 20, but, when 
bascMl u[)on the ultimate load, it is found to be considerably 
giH'ater. 

In comparing beams with different kinds of keys it is im- 
portant that ])oth should be equally well proportioned. In 
bea-ui No. 36, if the unit-stress in the outer fibers be taken at 
1000 pounds per square inch, the corresponding load is 1045 
l)Ounds, a.nd the horizontal shear on each side of the middle is 
5940 pounds. For an allowable unit-stress of 1100 pounds on 
the ends of the fibers, the height of a key should be (2 X 990) 
-p (1100 X 5) = 0.36 or | inch. The moment of rotation of 
the k(y is 990 X 0.18 = 178 pound-inches. Assuming that 
the [)r<‘ssure on the horizontal sides of the key varies from 
zero at the middle to 200 pounds ])er squai’c inch (see table 
on pag(^ 808) at the emls, its length in the direction of the 
length of the beam should be at least 0.90 inch, or 2| times 
the height. As the keys in No. 36 arc square, the beam prob- 
ably yiidded first by the keys crushing the sides of the fibers, 
and thus allowing considerable rotation, and bence also slip 
ping between the beams, thereby increasing the stresses in the 
out<M^ iil)ers. 

With the Bcpiare keys the stress in each holt is 1484 pounds, 
which, at 12,000 pounds per square inch, is just the strength of 
a halt-inch bolt A washer, 3| inches in diameter, is required 
if only 200 jioimds per square inch be allowed. Unless the 
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l 3 olts are drawn up to nearly tlie required safe tension before 
the load is applied, the compression of the timber under the 
washers will perniit the timbers to separate, and thus allow the 
keys to rotate still more. This actually occurs when the beam 
is tested to destruction ; and hence the strength of the deepened 
beam gradually approaches as a limit the condition ol two 
superimposed separate beams, or an efficiency of 50 per cent., 
without, of course, reaching that limit. 

The cast-iron keys in Fig. 29 were doubtless diuven to siudi 
an extent that the grip of the ends of the fibers on each ol Ihe 
vertical sides of the keys prevented their rotation until the load 
became relatively great, and, as shown hy the deiiecttion-enrvcs, 
no appreciable slipping occurred bet^veen the beams under sale 
loads after the local adjustment of parts when the loads were 
first applied. The yielding of the keys described above takes 
place ill this case also, but 'within narrower limits, near rup- 
ture. 

It may now be apparent why such poor results were scaaired 
with Bruners beam. The keys are not properly propiirlioticd 
and therefore develop an excessive moment of rotation and 
pressure on the sides of the fibers, and, being compostal of 
■wood, their compressibility increases it still fiirtber. Theoreti- 
cally this form has the advantage, since the keys arc‘ not sub- 
ject to shear directly, but mainly to compression. In onh^r to 
avoid the compressibility of timber-keys, let them be madt^ of 
cast-iron or cast-steel. To avoid the secondary flexural sti\‘sses, 
which are not iuconsiderable, caused b}" placing tlu^ bolts l)e- 
tween the keys, lot a hole bo made in tlie web of the <*ast-iron 
key so that a bolt may pass through it. The form ol‘ tlie ki^y 
is preferably that of a web of niiiform tlnckni\ss united to a 
flange on its four sides. The connection between them should 
be well roiiuded on account of the Avell-knowu stnudural weak- 
ness of re-entrant angles in castingH. The rouml liole in the 
center of the web should bo several times the diameter of tlu^ 
holt. The flanges bearing against the ends ol* the fibers tnust 
be proportioned to transmit to the web the pressure duo to the 
horizontal shear, while the other flanges servo mainly to slilfen 
the web, although they necessarily transmit some eompn^Hsion. 
’With this form the lover-arm of the resistance of the Bidt^s (d* 
the wood fibers to the rotation of the key does not apprecuably 
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change when the koj rotates slightly. The hearing area of 
these hlxn’s may he increased by increasing the thickness of the 
flanges extending across the beam in order to reduce the length 
of tlie key if desired. In general, the key should he fully as 
long in the direction of the beam as its width. This makes the 
angle quite small between the resultant compression transmitted 
by the key and the axis of the beam. 

As su(‘h a key or brace-block cannot be driven into place like 
a pair of wedges, the same result may be secured by somewhat 
reducing the distance of the scats of the brace-blocks in the 
]ow(U’ timber from its center, so as to camber the beam when 
the bolts are drawn up. Two methods of doing this were given 
in an article by Prof. 0. T), Jameson in the Railroad ami E)igi- 
January, 1890. The initial camber should be 
such as to allow for the deflection due to the local adjustment 
ot* th(^ bearing-surfaces, and to prevent the beam from deflect- 
ing l)(dow tlu^ horizontal when supporting its safe load. The 
lack of camber in l)eams Nos. 39 to 47 contributes perhaps as 
largcdy to their greater detleclion as well as lower ultimate 
stnaigth as Ihe pro])ortion of the keys. 

i8im*e no tbrm ot dee|)ened beam practically allows a con- 
tinuous surliice of the timber to resist the maximum horizontal 
shear, it sedans to l)e im])ossil)le to make a deepened beam as 
narrow as a. solid oiu^. of‘ equal strength which contains a mini- 
nnim amount of wood. Tlie imflined key apparently deducts 
nothing from the shearing-surflice, l>ut on account of the reduc- 
tion in <hi<d\uess of thc! strip, which tends to shear between the 
keys, prax*ti('al (iousiderations make it advisable to deduct about 
on(‘-hali‘ ol* the length of each key. Where square notches arc 
cut into ihe timbers, as in Figs. 25, 2(5, 32, etc., to receive the 
lays, the timlx'.rs reepuro relatively more width than in any 
oiiun* (brm, and henee contain more material. The end-keys 
should not placed inside of thc supports, l)ecause they can- 
not resist iJie horizontal shear produced beyond them. 

It may ()f interest to state briefly the conclusions drawn 
by For(ddieimer from a series of oxporimeuts on deepened 
beams with wooden keys, made in Vienna in 1890.* They 
are: 1. The keys should have their libers extending in the di- 

» vSee de^ Verchm DmlacJiet Mi/imeurej 1892, pp. 100 and G29. 

vox XXVH.— 04 
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recti OB of tlie beam. 2. The keys sliotild be twice as long as 
high, to prevent rotation. 3. If the timbers are separated by 
an air-space the keys should have an extension or neck betAveon 
the timbers to prevent rotation. 4. The bolts should not pass 
through the keys, and thus still further weaken the section, 
5. The compressibility of wood is so great that no reliance must 
be placed on the friction between the timl)ers on account of 
clraAviiig up the bolts. This article also refers to sonu^ (Experi- 
ments on deepened beams in Avhich the timl)ors are luiitc'd by 
clamps clriAmn into their sides. 

Prof. KidAvell deserves much credit for his painstaking labor 
in constructing and testing so largo a number of deepeiuMl 
beams of various types; and it is to bo earnestly h()p(‘d that his 
investigation may Icact to a more rational design ol the simple 
struetiiro known as a built-up or deepened b(Eam. It. se(‘ms 
almost a pity, however, that valuable time should be 

expended in exposing the defects of such a form as that, oi 
Clark’s beam, which might he condemned on purely th(‘or(Eti(*. 
grounds; but if it shall eflm'tually prevent the future employ- 
ment of that form, even this part of the work will serv(' u use- 
ful purpose. 

Prof. J. B. Johnson, Washington University, St, Louis, Mo, 
(communication to the Hecrotary): Prof, KidwtElI merits the 
thanks of the engineering professions for liis elaborate and 
conclusive experiments on the strength of built-up woodiEU 
hoams. I do not sec how the work eould lmv(^ lK*t‘u In^iWr 
clone. The results are satisfactory both to the tlu‘on‘ti(ud and 
the practical man, and will be reganUal as uutlu)rifativt‘ and 
conclusive, so far as these forms are (*on(*('rned. TIue la(‘l is, 
for such largo wooden beams, girders and joists as uihe us(Ed in 
practice, and when supporting distril)uted loads, tb(‘ir gri‘atest 
weakness is in shearing or splitting longitudinally alottg tludr 
neutral idanes. Any wooden beam, so loaded, having a Umgth 
loss than twenty times the lieight of the beam, is nnuH* liktdy to 
fail by shearing than l)y cross-breaking. This limit ineludes 
practically all leugtlis in actual use, and heiUH‘, Wi* may say, 
wooden beams should bo proportioned for longitudinal shear in 
place of eroBs-l)reaking- The necessity, t!ierefor<E, of iiavitig 
great Bbcaring resistance along the neutral plane Ihecouheh ap- 
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parent. If a solid beam will fail by splitting, mucli more will 
a composite beam, wliicli is already parted here, show weakness 
from this cause. 

The tests here reported only prove what theory has always 
sliown, that it is practically impossible to put two sticks to- 
gether, one above the other, in such a way as to equal the 
strength and stittness of a solid beam of the same dimensiotis. 
The only way in which it could be done would be to glue them 
or cement them together, so as to make them in fact one solid 
stick. Whether or not this could he done in practice is doubtful. 
Jhnduips plaster-of-Paris, after the surfaces had been painted or 
varnished, could be used, in connection wdth iron bolts to draw 
the parts together quickly, before tlie plaster hardens, and so 
cement the two sticks solidly as one beam. I am satisfied 
there is no system of keys, or joints, which can be made to ac- 
complish this so long as this plane of junction remains open. 
Ihuduips Prof. Tvidwoll will snpplemont his experiments with 
some tests of this sort, trying various cementing-materials. It 
might be that such a union could be made mucli cheaper than 
any system of keys, as well as tar more efficient. At least, it 
would sc‘eiu to be well worth trying. 

B, K. Feknow, Bivision of Forestry, Department of Agricul- 
ture, Washington, I). 0. (commiinieation to the Secretary): 
.Prof Ki<lwell deserves special credit for subjecting with inde- 
])(n\deut thought to exact investigation a problem of engineer- 
ing Avith wood, wliicli bad so far not received any adequate 
treatnu'utq tbe best authoriiies, like Raukine and Clark, con- 
tenting ih(UUHclvt‘s with faulty theories, without experimental 
data to prove them, and, moreover, <‘Opying from each other 
without v<u’ification. Ilis methodical pro(‘edure in carrying 
out a. lotig and (circ^fully designed series of tests, avoiding use- 
h^HH trijils, liis unusual (drcumspiwtion in selecting and ))re- 
paring lc‘Ht-material, and cheeking theories and results; and his 
recoguiiiou that, workmanship is an essential eleimnit in the 
problem, are the. more commendable, simw. wood-testing has, 
until latt‘ly, been carried on l)y enghu^ers without such care and 
attention to fnndamental details and without a proper eoncej)- 
tion of the diffi(*ulties involved in investigating this nou-homo- 
gimeouH material. Prof ludweirs paper must be acknowledged 
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as a decided advance in the knowledge of engineering vith 
wood, and a first step towards unraveling one of the man} un- 
solved problems confronting us in that department. 

l^evertheless it is proper to point out that the subject has 
been by no means exhausted, and that the results stated in the 
paper must not he taken as final for built-beams in general, but 
only for the forms discussed. Moreover, in the comparison of 
solid with built-beams. Prof. Kidwell assnme.s that both con- 
tain wood of the same quality. He does not pointy out, and 
perhaps did not realize, that the great advantage of built-beams, 
which, with proper construction, might make them supeu-ior to 
solid beams, is the fact that for the parts ot the former sujk'- 
rior selection and disposition of material is possible. Stolid 
beams are almost invariably full ot defects whi(!h are invisible 
or unavoidable ; they are never as well or as uniformly sea- 
soned, and in shaping them, their fibers must be; more or less 
cross-cut; while the planks for a built-beam can be selected 
free of defects, thoroughly seasoned, and cut and idaccd to- 
gether with the most advantageous position oi the grain. 

The combination of various kinds ot wood for various ([uali- 
ties (such as oak for tension -members) Avas pcrhui)s not fully 
enough considered by Prof. Kidwell. Nor have the imdhods 
of combining component parts been exhausted. It Avould, for 
instance, by no means appear im]>raetieahle, trom an economical 
point of view, to apply glue in the huilding ot hi'ams for int(‘- 
rior constructions of a high order. 

In short, notwithstanding his interesting experiments — or 
rather, Avithout questioning their eonelnsiveness for (luf pi'e<‘isi' 
conditions and the special forms involved in them — 1 still vtui- 
ture to believe that by suitable selection ami eomlfumtion of 
materials a beam eonld he constructed Avliieh Avonld he superior 
in all respects to a solid beam. 

The value of Prof Tvidweirs work lies mainly, I think, in 
the proof that beams built in the nmiuuT indicated cannot he 
relied upon to develop mneh more or less tluui thret'-fonrtlis 
the strength of a solid beam of ccpially goo<l material, and that 
they also lose in stifthess ; furthermore, in the h ringing forward 
of formulas for designing huilt-boaniH, based on experiments, 
Avhieh Avill tend to do aAvay with the arbitrary, unHuhstuntiated 
rules now in use. 
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I may add that there are several kinds of built beams in 
actual use which would appear superior to the forms tested by 
Mr. KidwclL In one of these, which requires little skill in 
workmanship, in which the keys are not liable to displacement 
and a full measure of stifthess is secured, the keys consist of 
s(|uare compression-pieces, inserted longitudinally by squaring 
out the necessary space of the component parts as indicated in 
Figs. 1 to 4, of which Figs. 1, 2 and 3 represent cross-sections 
i-hrough the keyed part, and Fig. 4 a longitudinal section. The 
components are bolted together. It is necessary to make the 


Fig. 1 . 



Fig. 2. 


Fig. 3. 


Fig. 4, 





Sections of Built Beam. 


keys sidliciently long to avoid shearing. A combination of 
three (*omponents would appear most desirable in order to have 
tlu^ median line in a solid part of the beam. 

WnauAM Kent, New York City: TredgohVs Principles of 
(\(rpc)drjp a late edition of which is cited by Prof. Kidwell in 
his bibliographic list, was first published in 1820, and the author 
ditul in 1829. How much of his original work has been modi- 
fie<l ])y lah'r editors in Buccessive editions I do not undei'take 
to say, luit it is highly probable that engineers in 1898 are still 
employing as a basis of their calculations, to a considerable ex- 
tent., obsin’vations and formulas promulgated by Tredgold nearly 
eighty y(‘ars ago. Howevtu^ great his merit and authority as a 
pioiUHM', the improvement in methods and the enlargement in 
s<nde. of experiments have made it unquestionably necessary to 
revises fundaimmtal data of so ancient a date. 

I may mention, in illust.ratiou of this proposition, an expori- 
(m(*e in a (H)guat.(‘- department of engineering, in the course of 
which 1 ha<l occasion to examine the fourth edition of Tred- 
goUbs work on cast-iron, edited by Ilodgkinson, to find out 
what llodgkinsoirs (‘xperimeuts were on wlii(*h Gordon bases 
bis formula for proportiotiiug cast-iron columns, wbieh formula 
is now almost universally used. 1 found that Ilodgkiusoibs ex- 
perinumts on flat-ended columns wore made on pipes not over 
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0.35-mch thick, and not over 2|- inches in diameter. We all 
know that no conclusion can be drawn as to the strength ot a 
piece of iron 1 inch thick from the test of a piece that is cast 
only ^ of an inch thick. But Hodgkiiison made those experi- 
ments, and the whole world since that time has been using 
formulas based upon them. The building-law’' of New York 
City requires that we shall use Gordon’s formula with a given 
co-efficient, and then says we shall use a factor of saft‘ty of 
5. The New York Building Department, after the Ireland 
building collapsed two years ago, had some of the columns 
tested at Phcenixville. The reports of these tests wevo pub- 
lished a few weeks ago (see Engincey'iiKj Kews^ Jan. 13 and 20, 
1898), and show that instead of these columns having a. (actor 
of safety of 5, which the building-law says they must have, they 
had a factor of safety of somewhere between 2 and 2.5. There 
have been three or four buildings in the last four or five years 
that have fallen down in New York, and the prol)ahle canst^ of 
the collapse of those buildings was the cast-iron columns; yet 
the New York building-law to-day compels inspectors to ptiss 
columns built on that formula based on tlu'se inadcnjuate ex- 
periments of Hodgkinson, made sixty years ago. It is high 
time we revised the formula based on these old experinumts. 

Hakold D. Smith, Taunton, England (eommnni(‘ation to 
the Secretary): Prof. Kidwell’s paper is a most interc\sting ac- 
count of a very complete series of tests, which W(U'ti nnnhi with 
great care to escape all\avoidable errors. 

The method of cutting the components of c'a<‘h la^am from 
the same plank diagonally is most ingimious, and t‘liminat<‘s as 
far as possible the serious risk of error due to the het(‘rogiMU‘- 
ous structure of pine timber. 

The feet mentioned (jiage 73t)) that in nearly all of th(‘ tests 
the tension-side failed first ” is the exact <‘onvcrse to what Umk 
place during my own experiments. In nearly i‘very <‘asc in 
these the up})er portion of the beam showial beibre frmdure a 
crumpling outwards of the tibers, whi(th is characierlsth*. of 
compressive failure of timber. 

The fact that in the direct tests the tensile Btnmgth <»ame out 
much higher than the eorapressive strength, gives striking (con- 
firmation to this observed process of the failure. 
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I cannot agree witli the views given on pages 749 and 750 
of the paper with regard to the inclined bolts advocated by 
Kankine and used by Brunei, for an inclined bolt must be 
stretched before the beam can give, and so helps the beam. 
Belatively to the bottom member, the top member moves out- 
ward Irom the center of the span if free. If constrained by 
bolts or keys, its effort results in compression, the reaction 
being taken up as tension by the lower member. lienee the 
bolts tend to become less inclined to the neutral axis. 

The internal stresses in the plane of neutral axis in a solid 
beam are, as Kankine pointed out, shearing-stresses of equal 
intensity in the plane of the neutral axis and normal to it, and 
ho showed how these could be resolved into equal tensile 
and compressive stresses at an angle of 45^ to the neutral 
axis. 

l8u])pose that coincident to the neuti'al axis there is a plane 
through which shearing-force parallel to it cannot be trans- 
mitted. ddiis would be represented by a beam of two pieces, 
with trict.ionless rollers substituted for the keys. In this case 
the for<‘es acting across the joint would be wholly normal to it, 
and the tAVo pita‘.es would act as separate beams, with the ex- 
(aq)tion that the top-piece would distribute the load more or less 
over the bottom one. 

ft- would ap[)(‘ar that a built-u]> beam must occupy a place 
intermediate' to these extremes of a wholly normal compression, 
and a comprc'SvSiou and tension inclined at 45°*, and that there- 
tbr(‘ tlu' holies should have an inclination of something between 
45° a,nd tlu' normal. 

This view was confirmed by my <ixporimetT[ts, in which the 
bolts t('n<h‘d to take up positions less inclined to the neutral 
axis. 

Fig. on page 752 of the ])apei*, hardly represents BruneTs 
bi^itm fairly, for he was (*.areful to have the bolts as near as pos- 
sibU‘. to th(^ keys, so as to counteract tlieir tendency to revolve 
ami open the joint. In this he was so successful that in the 
two I test.e<l it was impossible to force a thin-bladed knife into 
the joint Ix'twecm the pieces. 

The sket(*h’^ in my paper is not as clear as it should be, but 

* ProemiliigH of the InMttiition of Civil Engineers^ vol. cxxviii., part 

2, pag(‘ Wj Fig. 8. 
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in the text it is stated that the beams were full-size models of a 
continuous-beam viaduct. The end-bolt was inclined in a di- 
rection opposite to the others because it formed the first bolt 
in the next span in the actual viaduct. 

Prof. Kidwell : I feel highly gratified at the interest taken 
in this work, and at the fact that the discussions have been con- 
tributed by such able authorities. My warmest thanks are ex- 
tended to them and to many others who have written to me 
and given valuable suggestions and information. 

I purpose to continue the experiments if circumstances ])er- 
mit. I will therefore reserve for a later paper a full consider- 
ation of all the points brought out in the discussions ; some of 
them, indeed, cannot be answered at all until fudbei- work is 
done. I shall therefore refer briefly to a few matters which 
can be profitably taken up at present. 

It is true that much attention was given to Clark's biann. 
There is good reason for this. That construction has beau 
much used, and is by many considered good. Extremely had 
results which I noted in one case where it w'as used led me to 
make the experiments necessary to prove that this construction 
had better bo, let alone. Later on, 1 thought it well to I'xtend 
the investigation to other constructions as amattiu’ of scimitiiic, 
interest; hence Clark’s beam, and the defects in it, are iH‘s[ion- 
sible for the existence of this pa]>er. 

I had difliculty in getting the timhor necessary for the ti'sts. 
My supply was limited; every piece of it was used up; and I 
had to limit the experiments accordingly. This i-eadily ex- 
plains why many things which evidently ought to have lanm 
done were omitted for the ])rcHeuk 

That the eflicicncy based on the breaking-loads is not th(‘ 
most scientific mode of judging the value of a Inum is ipiiU' 
true, yet I employed it becau.se that method is tin* om* current 
among engineers. In further work 1 shall also atimapt to ob- 
tain efficiencies ha.sed on the coefficient of elasticity, in litu'. 
with Prof. Jacoby’s valuable suggestion. 

The majority of my correspondents think the fibm’s in flu* 
wooden keys should run in the .same direction as those of* thti 
beam, not across the beam, as r had them. With this dispo- 
sition of the keys, the evils duo to shrinkage will he less<!ned; 
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tlie indentation of the keys will also be decreased, and hence 
the slip in the joint will ho less. Further experiments are 
needed on this point. 

A correspondent also writes me: There is a prejudice, 
whether well founded or not, against using keys of either of 
tlie woods mentioned in contact with white pine timber or its 
kindred/’ I believe this prejudice has some foundation in 
cases where the beam is used for outside 'work. For beams in 
buildings it may or may not be true. I have no data on the 
subject, and will thank anyone who will write me as to his ex- 
perience in this matter. 

Frof. Jacoby is cpiite right in his statement that the wrought- 
iron keys were not properly proportioned. This was not an 
oversight, however. Mines can seldom obtain eastings quickly 
enough to use in emergencies where a large beam might be 
wanted ; so I made the wrought keys of material that would be 
ready at. hand, and drove them with little regard to proportion 
or spa.(‘ing, as T wanted to see how they would act. The re- 
sults are surprising to me, as they have been to others, and are 
no doubt due to the firm bite the keys took on the end-wood 
in tluj slots. 

Prof, flacoby, Mr. Smith, and several able correspondents 
tliink that Bruners beam is a far better construction than one 
would judg(‘ from my experiments and conclusions on it. I 
r(‘gret that huh of material prevented iiiore experimentation on 
this beam. AVliile it is true that my keys were not nearly so 
long as they might have been, it must be noted that increasing 
tlu^ length of key cuts away more of the solid material of the 
beam. Again, I do not think it good policy to put a bolt 
through a key, as it makes the not seetion of the beam too 
small. A holt on each side of the key is better, and this is the 
plan 1 shall adopt in future tests on this beam. At present, I 
am not partial to inclined keys, and will therefore take espe- 
cial (aire to experiment thoroughly and think the whole mat- 
ter out. 

Joints made with glue and cements were considered, hut 
had to ho omitted, owing to lack of material and time. Two 
very siu^ions questions arise concerning such joints — questions, 
the answer to which, must he gathered from long use uuder 
aetiuil eouditiouB rather than from laboratory experiments. 
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Would not any cement like plaster-of-Paris gradually disin- 
tegrate under the vibration which necessarily occurs in every 
floor? Destruction of masonry-joints through vibration of 
machinery in buildings is well known. The Bureau ot En- 
graving and Printing had to be removed from the United 
States Treasury Building at Washington on this very ac- 
count. 

Can we really trust glue in such important work as a built 
beam? I would hesitate to do it It is qiiostio liable wliolher, 
with such large timbers, the truth of surface and Iwayy pres- 
sure essential for a good glue-joiiit could be got with reasonable 
cost Would the joint hold for all time, even if good at the 
start? One who has seen how apparatus-cases, et(\, go to 
pieces after a few months’ service will have dc)uhts on this 
point Again, during the erection of most structures the bcaims 
are exposed to weather which would seriously impair glue- 
joints. Other troubles must be considered, siu‘h ns ilie elfeci 
of a burst water- or steam-pipe, etc. I believe, liowev(n% tluit 
dipping the wooden keys in glue before driving would he a 
good thing. 

In regard to Figs. 2 and 3 in Dr. Fernow's dis<Mission, it 
should he said that this investigation was coniimnl extdusivtdy 
to deepened beams. Forms made by placing side by side a 
number of full-depth narrow strips, then securing the whole, 
were purposely excluded, and will be taken up ns a st‘parute 
problem. 

I have been fully alive to the fiuf, that a built-up l>eain is 
advantageous because it oflers the op})orhinity to maki^ a 
superior selection and disposition of material; and I have use<l 
them myself on this aeconnt Yet F fear that, (aiiUHidmang (he 
questiou of cost and difliculty of getting workmen who have 
the requisite skill and comprehension of the importama* of tht% 
problem, wo shall fail to verity, eommercfnilly, at least, |)r. 
Fernow’s prediction tliat ‘M)y suitahlo select ion and combina- 
tion of materials a beam could ho constructeil winch wouUl be 
superior in all respects to a solid beam.'’ F hope F may pr<w’e 
to bo wrong in this view, yet I think the outcome will show 
that I am right. 

While the amount of work done thus far is by no nuaum 
small, I am quite aware of the fact that the subject has hardly 



THE GEISTESIS OE CERTAIN AFRIFEROES LODES. 


993 


1)0011 more than scratched into, and that a vast deal of work 
reniaius to be done before we can feel that all the essential 
points have been worked out. This 'work I hope to do if I 
can obtain the necessary mechanical facilities. 


The Genesis of Certain Auriferous Lodes. 

Cominunioutions in Discussion of the Paper of Dr. John E. Don. (See p. 564.) 

(Atlantic City Meeting-, February, 1898.) 

JosEPii LeConte, Berkeley, Cal. : I have read with some care 
and with extreme interest the work of Dr. Don, and have no 
hcBitaney in expressing my high estimate of its value. We 
have here an example of laborious work undertaken in the true 
scientific spirit and liy right methods. Loose statements and 
rash conjcHjtnres are hero brought to the test of chemical analy- 
ses. T?y such work only may we hope to reach reliable con- 
clusions and finally fo solve the complex problems presented by 
the 0(*currenee of ore-deposits. 

Huch work as this is not only scientific but is in the highest 
di'gree ])ra(dical ; for while a crude and imperfect science, hy 
interfering with the results of apiirovod cinjurieal methods, 
may ho ])()sitively burtfiil, a more perfect science must event u- 
ally l)e<*<)me the only sure guide to practice. SueJi a more per- 
le(*t 8 (*ienc*e can only be reached by such work as Dr. Don’s. 

1 am sure every member of the Tnstitutc will unite with me 
in the ho])e that Dr. Don will <^ontiuno his work, and that his 
example will incite otherR to similar work. 

8 . Kmmoxs, “Washington, T). ( 1 . : T desire to bear my bum- 
ble teslimony to the great value of Dr. Don’s paper to the sci- 
enec of ortMleposils, tlie thoroughness and accuracy of his 
work, and the iiiimense atuountoi' care-taking and tedious labor 
which it r(‘prosenlH. The only regret wnfh regard to it is that 
it co\d<l not have been pnl>lishc<l in full. No more important 
])api‘r in its line has (Wc^r a])peared in the 'JYansactms. Indeed, . 


See Profaco. 
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tliis is a line in which far too little has been done anywhere. 
Geologists are not often sufficiently trained chemists to carry 
on such work, if they had the time ; and for mining’ geologists 
in our country the press of work in other directions is so great 
that they could not give the necessary time involved in this 
class of work, if they Avere so inclined. The chemist, on the 
other hand, is rarely enough of a geologist, or so idaced, as to 
get sufficient field experience to keep thoroughly in touch with 
the processes of nature as shown in mine-workings. By an or- 
ganization like the U. S. Geological Survey, where the chemist 
and the geologist might work in harmony for a common pur- 
pose, it would seem that investigations into terrestrial cdiem- 
istry might best he carried on; and fifteen years ago, in (‘onnee- 
tion with Mr. Hillcbrand, one ot the most thorough inorganic 
chemists of the day, I had planned such a line ot expm'imental 
"work, which I hoped might ho continued as part ot the regular 
chemical work of the Survey. But the powers that, were willed 
it otherwise. My colleague, Mr. Becker, has made some im- 
portant researches in this line, especially with regard to tlu^ 
natural solvents of gold which do not appear to have come 
under Dr. Don’s notice. Such work is necessarily yvry slow, 
and Dr. Don’s paper, as he tells us, covers the results of‘ seven 
years’ labor. 

I do not propose to discuss Dr. Don’s jiaper from a. <diK‘mi<*al 
point of view, l)ut only to consider the doduetious that juuy he 
made from it from the geological side; and 1 do this with some 
hesitation, because, not being able to read his statements in 
detail, I may not infer correctly what his actual (aimhisions 
were. I must say, however, that he seems to be most broad- 
minded in this respect, and his work presents a pleasing (am- 
trast to parts of the great paper of thc'. lamenhal I*osi‘pny, wheiH^, 
the effects of the latter’s recent contest with HandlH‘rg<‘r s<Hmie<l 
to make him look at Nature through colonul 

glasses. 

Dr, Don’s first and most important conclusion from his tests 
is that gold does not occur in the rocks of the ngnons invt^sli- 
gated by him as an original constituent of tlie bisili(niti‘H, and 
that where it is found in these rocks it is associate<l with sul- 
phides, mainly of iron. Ilis inference seems to 1 h^ tlmt it. <*au- 
not be original in the rock, because pyrite is necessarily a sec- 
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oiularj constituent, that is, one introduced after the rock 
consolidated. Now, my work for the past ten years has been 
bringing me more and more to doubt the adequacy of the bi- 
silicates of eruptive rocks as a source of the metals for our 
ore-deposits, and, especially in the case of gold, to look to the 
pyrite, if not as a source, as the visible accompaniment. "Where 
there is no pyrite in the neighboring eruptive rocks, I have 
not found that the veins arc usually rich. But I have not, 
therefore, abandoned my belief that eruptive rocks, similar to 
those we see at the surface, are the source of supply from which 
the great majority of our ore-deposits have been concentrated. 
Pyrite is not necessarily a secondary constituent in such rocks, 
as seems to be tacitly assumed by many. On the contrary, 
most petrographers admit the existence of primary pyrite, 
though they do not generally appreciate its importance in the 
study of ore-deposits. Lindgren has lately discussed primary 
pyrites as a product of magmatic consolidation in the gold- 
l)earing rocks’’" of California. I cannot even feel absolutely 
sure, in spite of the apparent conclusiveness of Dr. Don’s in- 
vestigations for his regions, that the bisilicates of our Rocky 
Mountain eruptives may not contain some of the metals, but 
must wait, until similarly exhaustive tests have been carried on 
here. Lead and (jobalt have been found by Mr. Ilillebrand in 
the bisilicates of some of the eruptive rocks of the Ten-mile 
district, and lead and silver similarly by Mr. Eakins in the bi- 
silicates ()1‘ granite at Silver Cliff, Colorado. 

It seenns important to note that the lateral secretion theory 
which Dr. Don’s t.ests seem to disprove is not the one that has 
been geiu^rally advocated in the United States; for I fancy few 
Americain geologists believe in the narrower view advocated by 
Sandbergor, that the metals are derived necessarily from the 
immediately adjacent (country- or wall-rock. Dr. Don says that 
he belicwcs the gohl of Ntuv Zealand is derived from rocks 
deeper than any now exposed at the surface there, but acids 
that he ^‘is not concerned with the question whether this 
source is the vague barysphere, with its somewhat apocryphal 
contents of heavy metals.” While, therefore, no longer a be- 


* Gold Quartz Vdns of Nevada City and Grass Valley,” by W. Lindgren, 
IT* aV. Oeol /Vitm-y, 17th Am, l^art IL, p. 94. 
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liever ia Sandberger, lie is apparently not willing to snLscribe 
to the extreme views of Posepny. It has been the tiisliion for 
some time to decry Sandberger ; but I think his work has boon 
of the utmost value to the study of ore-deposits, even if his ulti- 
mate conclusions are not admitted; for he aroused us from 
the unthinking belief that the metals necessarily came from 
unknown depths, which it was fruitless to speculate about or to 
try to investigate. lie started in movement the ponduluiu of 
thought, which had so long boon stationai*y at that point ; for 
a while it swung on his side, then back again to the ascen- 
iouist side. ISTow, with some geologists, it has taken a very 
strong impetus in the direction of the long-ago ahandoned sub- 
limation-theory, or something very like it. The Swedish geolo- 
gists represented hy Vogt, a disciple of the great petrographer 
Brogger, consider certain workable mas-ses of iron and oilier 
ores as segregations from the still molten mass, or diree.t ])ro- 
ducts of magmatic dilferentiation. Other minerals ocvnrring 
in. pegmatite veins, and some metallic oxides, like tin, i’or iu- 
stanco, they consider to have been dcjiosited in the bust .stages 
5f consolidation of a molten magma hy a mixed proces.s, which 
chey call piieumatolysis, and which brings in the agency of 
water expelled during cooling from the igneous magma. This 
comes hack to the old rrench theory of aipico-igneous fu.si<m in 
the presence of certain suhstaueos, such us fluorine, boron, 
chlorine, etc., which were called afjmts vuni'ralinotciirn ; Imt it, is 
less purely theoretical, in that it is ibunded on ecrtaiii facts of 
observation in Nature. 

Vogt is at present preparing a new book on orc-depo.sits, in 
which he will doubtless extend very widely the scope* <>f his 
pneumatolitic processes. But tlie applicability of either the 
French or Swedish theory must he limited by a- very simple 
geological condition, winch is — whether the tissun's in which 
ore-deposition has taken place could have been fornu«<! during 
the final consolidation of the eruptive magma. In most of the 
important ore-deposits which I have had oiiportnnitics of study- 
ing, the fissures or fractures which have served as <n’c-<!lumnclH 
were the result of earth-movements that took place long after 
the entire consolidation of the eruptive magmas. In sonu* 
cases, even, there is evidence of several such movements before 
the ore-deposition. My belief, as I have liad.uceuHion to state 
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already, is that, hy reason of some process which, for want of a 
better name, we may call magmatic differentiation, certain por- 
tions of an eruptive mass are richer in metals than the average ; 
and that from such portions circulating solutions have ab- 
stracted these diffused metals and deposited them in a more 
concentrated form in favorable situations in rocks in the vicin- 
ity. The original bringing up of the metals from the bathy- 
sidiere Avas, however, accomplished by the eruptive magma be- 
fore consolidation. Prosent ore-deposits are in this sense the 
result of a secondary concentration at only moderate depths, 
I)r. l)on\s iiwestigation of the processes going on, or that may 
go on, in the vadosc region affords interesting and useful data. 
He first assumes that deposits are generally richer in the 
])re(nouH metals above than helow the Avaterdinc — a perfectly 
justifiable assumption, in mj^ opinion — and then presents alter- 
native explanations, one based on the ascension, the other on 
the lateral-secretion theory ; hut he does not mention the most 
obvious explanation of this fact, namely, that the baser metals, 
AAdiich are usually in far greater amount than the precious 
metals, form hy oxidation more readily soluble compounds, and 
are tlKU’eforc to a much larger extent removed in the vadose or 
oxidizing region, AAdiilo the precious metals arc for the most 
part either not dissolved or arc re-precipitated. lienee, the 
specific gravity of the Avholc mass of vein-material is decreased 
in the vadose region; and a given balk, though it may have 
absolutely no more of the precious metal in it than lielbre oxi- 
dation, <*ontainH a relatively liigher percentage, by Aveight, of 
the ])rec.ioiis metals. There may also be in places an actual 
<mriehment, due to the ready precipitability of tlxe precious 
metals. I have myself seen cases Avhero, in a zone immediately 
a])ovc^ the water-line, the ore-hody was not only very much 
richer than in the uuoxidized portion boloAV, l)ut also richer 
than tlie average of the oxidized ore above, shoAving that the 
precious metal had been in a measure leached down and re- 
])recipitattuh Dr. Don liimself rIiowb various ways in Avhich 
gold might be dissolved in the vadose region and re-precipi- 
tated lower down; he also thinks it may have been carried 
down me(;hunieally; the result of his investigations of mine- 
waters being that, Avhere they arc found to contain gold, it is 
usually in mechanical suBpeusiou rather than in solutioiu 
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One of the most interesting parts of Dr. Don’s investigations 
is that relating to the gold contents of sea-water, in which he 
has not contented himself with the vague statement that the 
metal does occur, but has made a quantitative estimate ot its 
amount, which must be translated into the metric system in 
order to become intelligible to any but hnglish chemists. The 
average content as determined by him is 0.0071 grain to the 
ton, which means, if I have calculated correctly, something like 
twelve million dollars’ worth to the cubic mile — a large sum, it 
it could be gotten out. But Dr. Don has shown l)y a ])relty 
exhaustive series of experiments that there is no probability 
that any natural precipitant would throw down any mcasiira])le 
portion of it. 

George F. Becker, Washington, D. C. : Dr. Don’s paper is 
an extremely important contribution to mining geology, and 
worth the vast amount of labor wliii<h it lias iminifestly cost. 
I trust that the paper in the Transaetm^ will prove to be only 
a preliminary abstract, and that the entire memoir will soon 
appear. 

The greater part of the eonelnsions which Dr. Don n^adu^s 
are quite in line with those to which Mr. Lindgren and I hav(‘ 
been led by studies of the gold deposits in this country/^ I 
have been greatly impressed of late years with the character of 
the auriferous wall-rocks of gold-quartz veins. It seems to ]h\ 
true in most cases for deep mines, that the gohl in the walls is 
contained in the sulpburcts; that it is of smaller fineness than 
the vein-gold; that the siilpliurets are ]>yrites; and that gohl 
and sulphixrets diminish rapidly in ipiantity as the distam^e 
from the vein increases. Bometimes the wall-ro(*k pyriti‘, is 
almost barren. There appear to me to be two sorts oi‘ wall- 
pyrito. One seems to bo the result of the action, on lerro-mag- 
nesian silicates, of the sulphides of hydrogen or of the alkaru^s, 
as I pointed out in treating of the Gomstock lode. This variedy 
is sometimes, and 1 suspect usually, almost worthless. Thm’e are. 
other impregnations of pyrite which seem to me to havi^ ]>vr- 
meated from the vein-fissures, in solution, as doulde sulphides 
of the alkalies and iron. I have studied such wdutioim in a 


* Parts of these studies have been printed in the 17. & OcqUh/wuI 
Beports, 14ih to 18th. 
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memoir on quicksilver-deposits, and shown that solutions of 
alkaline carbonates, partially charged with hydrogen sulphide, 
will take up notable quantities of many sulpliurets, and also of 
gold. Dr. Don has, I think, overlooked this investigation. 
Mr. Dolter has since succeeded, whei-e I failed, in dissolving 
lead and silver sulphides in a similar menstruum. 

W all-roeks appear to bo much more permeable by solutions 
of some substances than by those of others. Native gold, 
(|uartz, and all the sulpliurets excepting pyrite, are for the most 
part retained in the veins, while carbonates seem to penetrate 
ifeely into the wall-rock. This indicates an osmotic separation 
of the metal-bearing solution, as I pointed out years ago. 

That some undecomposed rocks (granite, andesite) contain 
free gold in clearly visible particles appears to be quite certain. 
Theix^. is also strong evidence for the strange hypothesis that 
some sul[rjuire1s in massive rocks are original constituents. I 
(uiterrain no doul)t that some eruptive rocks associated with 
veins are truly metaniferous. Nevertheless, the possibility 
])resents itself that in such cases vein and. rock each derived 
its metallic contents from a common source, miles honeath 
the siiriuce. Such an hypothesis is not without difficulties of 
its own, but accords better with the osmotic phenomena than 
th(‘, th(H)ry of dcatvation from wall-rock. 

Dr. Don’s remarks on secondary re-crystallization arc inter- 
esting. That sulphurets are regenerated is certain. The ques- 
tion oi'tho re-crystallization of gold needs more research. 

Arthur Winslow, Xansas City, Mo. : Dr. Don’s work, even 
as ]>rcs(‘nlcd in the abridged form of bis Institute paper, is a 
notabh^. (Lxnniple, of painstaking, (u)nscientious research, for 
which ilu^, author dc^serves great credit. The field and literary 
work alone must have been very great; but, in addition, the 
invcstigalion involved many special experiments on a large 
scale, a,nd the testing and assaying of over 400 bulky samples, 
with more than 100 other assays ami analyses, which, to any 
one familiar with such tasks, seems a stupendous labor. The 
results arc especially of quantitative value, furnishing many 
exact facts and definite data which will control speculation, and 
upon whi(‘h theories can bo built up. Therefore, in wdiatever 
estimatioTi one may hold Dr. Don’s methods and results, or 

VOL. xxYir.— 66 
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liowevei’ one may differ in tlie conclusions to be drawn, all, I 
think, will agree in admiring the courage and entire disregard 
for labor which prompted and sustained his inquiries. 

The investigation is, first and principally, one to determine 
whether the ores of certain auriferous lodes of bTew Zealand, 
Victoria and Queensland were formed by lateral secretion 
or by ascension. Secondarily and incidentally, it is a valu- 
able contribution to the general subject of the genesis of ore- 
deposits. 

The work is of special interest when considered in connec- 
tion with the hypothesis advanced by Mr. T. A. llickard’^^ for 
the origin of the ores of the Bendigo reefs of Australia. In- 
deed, it would appear as if Dr. Don must have had this hy- 
pothesis immediately in mind in planning his work, so diiaudly 
does he meet the questions which arise in reading Mr. Tlick- 
ard’s paper. Passing by his experiments and conclusions as to 
the precipitation of gold in marine sediments, and also allied 
inquiries of somewhat negative value, the results oi‘ most posi- 
tive and emphasized importance are his analyses of the (*onntry- 
rocks for the detection of gold. These are ]>nneipuUy inter- 
esting in the uniformity with which they sliow that the metal 
was not detected, or w'as found to be present only in v<‘ry mi- 
nute quantities, in the normal country-rock; also tbat, wluu’c 
its pi’esenco was detected, it was associated with snlphid(‘s, and 
thaf both the quantity of the 8uli)hidls and the ridnu'ss in gold 
increased as the lode or other form of deposit was approached. 

The question which arises, and which to me s(‘eins of great 
significance, is as to the sutliciency of the evideiua*. i)r. Don’s 
assay-results marked Nil ” as io gold-contents mnst lu* con- 
sidered as relative. They mean vsimply tluit no gohl was d<>- 
tectod by the method ho used. It is probabh^ that gold an<l 
other metals are generally difiused through the nn'ks o(‘ flu* 
earth’s crust, and arc representeil normally by umonnts pro- 
portional to their abundance and the sohil)ilitit*s of tludr natu- 
rally-formed compounds. The researches of P<nH‘hhaHmu‘r, 
Diexdafait, Bischof, Samlberger, Malaguti, and cdlunv, r(derre<l 
to in my report on the lead- and zintMleposits of IvIissotirDf 
show the frequent difliision of (*(>pper, lead an<l zinc in nndvs, 

Tram,, xxiL, 2$9, 

t Mqmis Geological Sumy, voL vi., 1894, pp* 
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minerals and waters. Mr. Eobertson^s analyses of crystalline and 
elastic rocks of Missouri, in connection with the same report, sus- 
tain this belief. Proof that such diftusion is general would seem 
purely a question of the amount of rock used and of the refine- 
ment of method. Tlie refinement of Pr. Don’s methods may be 
inferred from the fact that one-tenth of a grain 'per ton is the 
lowest result given in figures. There is nothing between this and 
the hfil ” results. Gold to the amount of more than one-tenth 
of a grain he shows to be frequently presented in the country- 
rock, remote from lodes, and even amounts of over one grain 
were found. On the assumption that the gold has been de- 
rived from these rocks, such gold now found to be present must 
be a residuum after the process of leaching. The question 
arises, what gold-contents arc required in a country-rock that 
it may be regarded as a source of the ores in the veins travers- 
ing it. Assuming one-tenth of a grain to the ton, it would 
take just 4800 ions of rock to supply the gold for one ton of 
one-ounce ore, if all the gold were removed from the country- 
rock into the veins. On this basis one cubic mile of rock 
would supply 2,300,000 tons of such ore. Mr. Rickard’s hy- 
pothesis, which ascril)es the gold to sea-water retained in the 
sediments, would hardly call for a greater original concentra- 
tion, seeing that he allows only one-thirteenth of a grain per 
ton to the sear water of the present day. 

The, couccqhion of lateral secretion as a process whereby 
the (‘.outents of llie ore-body simply tidckle in from the sides 
or wahs ean, of course, not he sustained, even though the 
mim(‘. may seem to justily it. To harmonize with the ideas now 
more gencTally held, the flow and transmission of solutions 
must have l)een in devious directions, accoi'diiig to hydrostatic 
and thmnual conditions, and according to the structure of the 
rocks. The solutions would naturally follow fissures, and flow 
into opcui spaces, either in ascending or descending currents. 
Tliey would at the same time i)enetrate the wall-rocks of such 
openings, and wluui tiiey contained gold these wall-rocks would 
be enri(‘hed. Thus, an in(*,reaso of the mineralization, or of the 
gold-(iontents as the vein is appi’oachetl, is not incompatible with 
the large (Jonce])tion of lateral secretion. 


* MepoHs Qmhgkid Survey ^ vol. vii., pp. 479 et scq. 
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It is true that sncli ao cNransion of the original idea of lat- 
eral secretion appears to rob it of its distinctive features, so 
that it seems iii fact to embrace the rival process of ascen- 
sion, and to leave no room for the separate existenec of the 
latter. This is not, however, the case. The essential idea of 
the ascension theory is that metals and other eonstitnents 
of lodes are derived from a deep-seated Boiirco ot sup[)ly — a 
sort of treasure-house of nature — whence they were trans- 
ported for the use of man by the agency of ascending solulions 
or vapors which followed the paths of profound iissures, Tlie 
opposed idea of lateral secretion, as developed, if not pre- 
cisely so expressed in recent writings, is that these constitiumts 
of lodes are distribntod and diffused in greater or h‘ss <[iniu- 
tities throughout the rocks of the earth’s crust — in such rocks 
as are or have been exposed at tlie surface — that they have 
been gathered from these ro('ks and concentrated in or(‘-(!e- 
posits by the action of percolating waters of various composi- 
tions, assisted by chemical, hydrostatic, lluumud and stnu'lural 
conditions, such as are brought about l)y sedimeiitai/ion, by 
eai'th-movemonts, l)y injection of vohaiuic rocks, et<*. Ju <*as(‘s 
of the more abundant metals, siuh as iron and mungam‘S(% this 
process is plainly recognized, and tlie <M)U(litions ari‘ 

commonly presented. In the case of less coiunion irulals, siu'h 
as copper, load and zinc, the process is not so simple or so gnm- 
erally to be ol)serve(h In the case of the i)re(h)ns im^tals, 
whicdi are rare and difficult of solution and traunportation, 
more powerful factors and special or stronger rcuigents, stuli as 
liiglily-hcated solutions, seem iu‘ccssary to ])rodu(H‘ tin* r<»Hu1t. 
Thus, according to the lateral se(‘retion lluM>ry, our own 
lionie country-rocks are our treasure-houses, and wo un^ not 
dependent upon the foreign depths of the earth lor om* nuduls. 
Such may be in some cases the sounm of sup[dy, but the ag- 
gressive socretionist is disposed tt) throw the burden ol‘ the 
proof upon the ascensionist, and to maintain that his rult' is 
the more satistactorily proveal l)y the rcuuoval ot* suet^essive 
Bn])posed exeepliouB. 

W. P. Blake, Tucson, Arizona: As appropriates to the dis- 
cussion on the origin of (piartz-lodes and the (h^positlon of gold, 
I desire to direct attention to the very general iissociiition in 
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California^ especially in the Jura-Trias and Carboniferous 
slates, of gold with slates containing a large amount of carbo- 
naceous matter. This association is particularly noticeable in 
the Princeton mine, on the Mariposas estate; in the Keystone 
mine, Amador county; in the Plumas mine, and in many other 
mines in the main gold-belt of the State. It has been noted 
also by Mw Koss E. Browne, who, in a recent article, gives 
three cross-sections showing the mother-lode traversing soft 
black slate. He describes the lode as a continuous series of 
parallel (puirtz-vclns, following more or less persistently a nar- 
row l)clt of soft, black slate.^’"^ 

At the Arizona School of Mines a sample of coal has been 
received from Wyoming, which is said to contain gold. Pre- 
liminary assays, made with great care, show an appreciable 
amount of the metal; l)ut further investigation of the source 
of the <u')al and assays upon other samples are desirable before 
attaching special value to this form of association of gold and 
<‘arbou. 


The Accumulation of Amalgam on Copper Plates. 

Continued Disoussiou of the Paper of Mr. R. T. Bayliss. (See vol. xxvi., pp. 3^ 

and 1039.) 

(Atlantic City Mcctinj?, February, 180.S.)| 

0. NT. Fhnneu, Wcw Yoi'k City (connninucation to tbo Sec- 
rotiiry) : A poHsihlc exi>laiuitioii ol“ Bomo of tbo pbenomona 
of iuniilgamatiou cited by Mr. BayliKs and otbers lias oucuiTod 
to nu!. 

Wo know that if, to a (juantity of niercnry, gold and silver 
arc added until a |)ntty-liko paHto is formed, and if tins mass 
is spread on a (lat surfai'o and prossnro is ap]iliod, a more fluid 
portion of tbo moronry will be stiueozed out from the rest, carry- 
ing gold and silver with it. The proportion of gold to silver 
will depend, J tbiuk, upon various eausos and conditions — tbo 
relative eliemical aflinity wliicb gold and silver have for mercury ; 
the. amount of pressure used; tlie prosonce of otber metals; 

* J/m. aiul iVm, S.in Francisco, Jan. 2S), 1898, p. lOo. 

t Hee Preface. 
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possibly also tlie temperature and other minor influences. In 
most cases, however, the proportions of gold and silver in the 
two portions will be quite diftbrent. This is in eontormity wnth. 
the generally accepted theory that amalgams form detinito 
chemical compounds, which, however, are often either dissolved 
in an excess of mercury or mixed with an excess ot the solid 
metal. 

This operation must not, of course, be conlouuded with the 
process of straining the mercury through chamois, wliich latter 
holds back nearly all of the foreign ingredients and permits 
the mercury to pass through. 

In order to confirm and illustrate the point to whicli I wish 
to call attention, the following experiment was made : 

Gold and silver wore thoroughly incorporated with mertmry, 
forming a moderately stitt amalgam. This was prcssc<l be- 
tween two glass jilates, and the portion that oozed out in drops 
was separated from the dry residue. Each i)art was nudtcMl np 
with lead and assayed for gold and silver. The moia' fluid 
part yielded 9.4 milligrammes of gold and 1(>4.4 oi' silviUL 
The residue yielded 7.8 milligrammes of gold and led. To of 
silver. In other Avords, the ratio of gold to silver in the mor<*- 
liquid amalgam Avas as 1 to 17.5, Avhilc in the residue if. Avas as 
1 to 20.5. 

These facts have, I think, a bearing upon the plieuonuma of‘ 
scale-formation AAdiich have been tliseuss(‘(l. When a fiau^nil!- 
ing ore passes OA’-er an amalgamated plate, the gold and silvm*, 
and small quantities of other metals, are caught by ilu^ mer- 
cury. In most eases the process of* cleauing-up nnnoves flu^ 
resulting mixture. Oeeasionally, however, dnv piukaps ic> less 
fluidity of the amalgam, the pressure of tlie s<‘rap(‘r <4fetds a 
partial separation, in a manner similar to that of tln‘ experi- 
ment cited. The mercury H(puH‘ze<l out. has probably ahvays a 
tendency to carry Avith it fixed relative proportions (d\gol<l and 
silver, as influenced by cliemical affinity, but various othm* 
causes greatly modify this result. 

I think there can be little doubt that silviu* has in giuieral 
less tendency to amalgamate than gold. Tlui iiH*ri*as(‘ in the 
proportion of silAmr at a distam^e from the batt(‘ryMliH<duirg(,% 
Avlueh moans that more gold relatively is eaught at tirst, sup- 
ports this proposition. At the Drum Lummon mill tlie elean-up 
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l)nllion luid the ratio of silver to gold of 1 to 1.25, while the 
ratio in the scale was 1 to 0.76; at the El Silencio mill the 
ratio in the clean-up was 1 to 1.71, and in the scale 1 to 1.50. 
These figures also apparently show a tendency of the gold to 
follow the mercury. 


The Physics of Cast-Iron. 

Continued Discussion. (See vols. xxv., 84, 904 ; xxvi., 17C, 997. ) 

(Atlantic City Meeting-, February, ISOS.)-* 

Tile Seoretaky : The work of Mr. A. E. Outerbridge, Jr., 
of riiiladolphia, first made known in his paper on The Mo- 
bility of Molecules of Cast-Iron,^’ read at the Pittsburgh Meet- 
ing ol‘ the Institute, in February, 1896, has been reviewed by 
tlic Committee on Science and tlio Arts of the Franklin Insti- 
tute, whoso report, dated May 5, 1897, is accompanied with a 
talde of tests ma,(le by the Committee, and amply confirming 
the stah^Tmuits oi‘ Mr. Outerbridge. Ooncerning the originality 
and novelty oi'his investigation, the Committee says: 


The f;u‘t that a certain molecular change takes place in cast-iron in the course 
of titno has lK‘cn known and recognized by many persons for a long time, and 
that this change tends to relieve the internal strains and render the casting 
tougher has often heeii noticed and acted on, although in a very crude way j but, 
HO far as the snh*-comtnittee has been able to learn, Mr. Outerbridge has been the 
first to make a careful stmly of this, and to note that the change may be hastened 
by impact, and the whole elTcct produced in a short time, and also to make a sci- 
entiiic stmly of the phenomenon. We believe great credit is due him for the in- 
itial ol)servatiou and the careful work dependent thereon. The rchults were first 
given to the public in a paper read before the American Institute of Mining En- 
gineerR, on February 20, 180fi. This aroused a wide-spread interest and discus- 
Hion among usesrs of (nust-iron, and so far as the suh-committce Ims been able to 
dettirmine, it has not been sliown that anyone, either in this country or abroad, has 
antedaU'd TMr. Outerbridge in his work in this line. The Franklin Institute there- 
fore recommends the award to him of the John Scott Legacy Premium and Medal. 

Thw report Iuib not been publishod, but I biivo had tbc op- 
portunity to road it in manuscript. The table of tests accom- 
panying; it comprises 91 tests of “ rumbled ” and an ecpial num- 
ber of “not rumbled” companion-bars of cast-iron, 26 by 2 by 


* See Preface. 
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1 inch in size and tested flat, 24 inches bctAveen supports. The 
bars were furnished by four diffei'ent foundries. 

One of these tests (l^o. 63 in the table) shows an increase, 
due to rumbling, of 42 per cent, in strength and 48 per cent, in 
deflection — more than twice the maximum gain shown in Mr. 
Outerbridge’s original paper, two years ago. Auotlier test 
(ISTo, 42) shows 55 per cent, increase in deflection. In several 
instances (ISTos. 14, 29, 40 and 44) defective bars, rumbled, were 
stronger than their companion-bars, not ruml)led, though the 
latter were free from defects. 

Mr. Outerbridge writes me that he has l)een informed that 
recent specifications for castings made of strong iron contain a 
clause to the effect that the test-bars must not be rumbled or 
otherwise subjected to prolonged vibrations. 
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Abeel, George IT , remarks in discussion of Mr. Boss’s paper on some dike features 
of the Gogebic range, 97B. 

AmmHintfon ofAmalqam on Copper Plates (continued discussion of Mr. Bayliss’s paper, 
see vol. xxvi, 33, 1039), 1003. 

Acme Ocment Plaster Company, Kansas, 510. 

Adams iron-mines, Mesabi range, Minn., visit to [xxxv]. 

Adirondack region, N. Y., iron-ores of, 147 et seq. 

Alabama: l)la.st-furnaces, 12; investigation of water-supply, 468,473. 

Albion iron-raino, Marquette range, Mich., 550, 

Albite associated with iron-ores of Essex county, N. Y., 195. 

Alburnia gold-mine, Thames district, New Zealand, examination of waters of vadose 
region of, 654. 

Allanitc associated with iron-ores of Essex county, N. Y., 196. 

Allen iron-mine, Marquette range, Mich., 550. 

Allotropic forms of iron, permanence of, 895. 

Allotropic theory of hardening steel, 848 et seq. ; present position of, 888. 

Allotropic transformations of iron, 890. 

Allouez copper-mine, Keweenaw county, Mich. [693]. 

Alloys (sec also the metals) : brass, 486 et seq.; copper, 113 et seq. ; iron-nickel, 840. 
Aluminum, metallurgy of, 462. 

Amalgam, accumulation of, on copper plates, 1003. 

American Hoist and Derrick Company, St. Ihiul, Minn., guy-derricks of, 331. 
American (Sterling) iron-mine, Marquette range, Mich., 550. 

American Steel Manufacturers, communication from Association of, xxiv (see p. 272). 
Ames iron-mine, Marquette range, Mich., 550. 

Amphiholes associated with irou-orCvS of Essex county, N. Y., 196. 

Anaconda concoutration-works, Anaconda, Mont., 79. 

Analyses of : Brass, 49H el seq. 

Chalks of Arkansas?, 64, 58, 

Chromite, 285 ct seq. 

Cinder from Dover furnace, Ohio, 483. 

Clays: of Arkansas, 62; of Colorado, 310. 

Coal : Mahoning, Ohio, 267; Middle Kittanuing (Darlington), Pa., 260 ; (Hocking 
Vstllcy), Ohio, 267; Pittsburgh, Pa, 2(56 ; Pocahontas, W. Va., 267; Thacker, 
W. Ya., 267; Upper Prooport, Ohio and Pa., 266. 

Coke, 480. 

Copper: black, 112, 113; blister, 108; refined converter, 109 eiseq. 

Country-rock of auriferous areas of Australia and Now Zealand, 566 et seq.j 622 
et seq. 

Dike-rock of Australian gold-filolds, 629 el seq. 

Pullers’ earth, S. Dak., 335, 
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Gas from Dover furnace, Oliio, 481. 

Gold- and silvei-ores of Black Hills, S. Dak., 415, 418. 

Gypsite, 512. 

Iron from Dover furnace, Ohio, 4S1. 

Iron-ores- 481; MlchHjmi : Marquette range, xlvii ; 3rtchigan iim\ Wiseonsin : 
Gogebic and Menominee ranges, xlviii; ^Imnesota ■ Vcimilion and J^lchiibi 
ranges, xlvi, 540; New Yorh: magnetites of Port Henry and Mineville, 151 
et seq. 

Limestone, 480. 

Manganese-ores of Colombia, S. A , 68, 69. 

Mill-cmder, 481. 

Mill-scale, 481. 

Mine-timbers for gold, 603. 

Pig-iron, 245 et seq. 

Plaster fiom the pyramid of Cheops, 509. 

Rock from Black Hills, S Dak , 222 et seq. 

Vadose countiy rock, 655 et seq. 

Waters of Illinois, 134 et seq. 

Wood lying under sea-water, for gold, 617. 

Andesite from Moanataiari Tunnel gold-mines, New Zealand, analysc'S of, 616, 618. 
Antimony and arsenic, determination of, in wire-bar and cathode coppm-, 067 etseq. 
Anvil iron-mine, Gogebic range, Mich , 563. 

Apatite associated with iron -ores of Essex county, N. Y., 197. 

Arch Pit iron-mine, Barton Hill, Esso. x county, N. Y., 172 et .seq . ; analysis of ore, 174. 
Argyle (Samson, also Edwards) iron-mine, Marquette range, Mich. [550]. 

Arizona, investigation of water-supply of, 470, 475. 

Arkansas, cement-inatorials of, 42 et «»(/., 944. 

Ai=inold, Pitop J. 0., remarks in discussion of Mr. Saiiveiir’s paper on tHie inu-ro- 
stracturo of steel and theories of hardening, 85*1. 

Arsenic and antimony, detcrniiuatiou of, in wire-bar and cathode copper, 967 H seq. 
Arsenopyrito associated with iron-ores of Essex county, N. Y., 197. 

Artesian wells, analysis of waters of, 135. 

Ashland iroii-mhio, Gogebic range, Mich., 560. 

Assay, electrolytic, applied to refined copper, 390, 962. 

Assays of: copper for silver, 117, 119; gold- and silver-ores, 216, 219, 229; gold <)re, 
846. 

Associates: deaths of, xxii; election of; at Chicago, February, 1897, by niuil, 

April, 1897, xl; July, 1897, xH; November, 1897, I ; made luemlHu-s, at Chicago, 
xxvii ; by mail, xl, xlii, 1. 

Atlantic copper-mine, Houghton county, Mich. [458, 693] ; visit to, xxxiv. 

Atlantic iron-mine, Gogebic range, Mich., 559. 

Atlantic iron-ore, analysis of, 481. 

Auburn iron-mine, Mesabi range, Minn., 361 [536]; visit to (xxxvj. 

Auriferous lodes : genesis of certain, 565, 993 ; results of investigations of ih(‘ <U‘igin 
of, 621. 

Aurora iron-wine, Gogebic range, Mich., 560, 

Aurora iron-ore, analysis of, 481. 

Austenite a constituent of stool, 879. 

Australia ; analysis of deep country-rock from auriferous areas, 566 et seq,^ 622 ei seq. ; 

gold-fields, 566 et seq. 

Austria, mining schools of, 716 et $(% 


Bacon, D. IX.: The I)e\)elo)meiit of ImTcc fyuperior Tron^Ores [xxxiij, 34L 
Bailky, 0. E. : 3rinmif Methods on the Membi liange [xxxii], 529, 

Baker, David, tap-hole drill invented by, 32. 



INDEX. 


1009 


Ballarat ^^old-field, Victoria, Australia, 568 et seq^.; analysis of coiintry-iock of vadose 
region, ()5(). 

Baninni iron-niino, Marquette range, Mich., 544 [54^)]. 

Barrel chlorination process for gold-ores, 460. 

Barton Hill iron-mines, Essex county, N. Y. [149], 156, 172. 

Bates rubber-belt conveyor, 301. 

Bayliss, K T , on accumulation of amalgam on copper plates, 1003. 

Bay fState (Indiana) iron-mine, Marquette range, Mich., 550. 

Btuims (see also built-up wooden beamsb efficiency of built-up wooden, 732, 979. 

Beau (bit iron-mine, Marquette range, Mich., 550. 

Bkoicku, (If.orgf F., remarks in discussion of Dr. Don’s paper on the genesis of cer- 
tain auriferous lodes, 998. 

Belgium, iron-woiks of the Societe John Cockerill, Soraiiig [16], 

Bella gold-mine, Otago, New Zealand : analysis of country-iock, 657 ; examination of 
waters of vadose region, 654. 

Belts- Bates rubber-belt conveyor, 301 ; Eobins conveying, 27. 

Bendigo gold-held, Victoria, Australia, 566 cf seq.; analysis of country-rock, 622 et 
svq, 

Berlin, Brussia, mining school, 716, 726. 

Bersberg iron -mines, Sweden, cost of mining at, 553. 

Bessemer (Lillie i iron-mine, Mai quetto range, Mich. [549]. 

Bessie iron-mine, Marquette range, Mich , 550. 
lieta iron, presence of, in steel, 849 et seq. 

Bethlehem Iron Company, South Bctlilohom, Pa., pneumatic hoists at blast-furnaces 
of, 8. 

Bet tie, W., on the cyanide process, 825. 

Bibliography ; of built-up wooden beams, 817; of geology of the Black Hills, S. Dak., 
230; of magiudites of Essex county, N. Y , 201 ; of water-supply and irrigation 
in the. UniLul States, 477. 

Big Pit iron-mine, Barton Hill, Essex county, N. Y., 172 et seq . ; analysis of ore, 174. 
JihsjraphieftI i\o(tee of deonje IF. (toeiz (HlinsT) [xviii],436. 
liuKjraphuutl Noliee of Afexfwder Trippel (EAyMONP) [xviii], 238. 

Jtiotjmphieal Notiee of Peter Ritter Turner (R.\ymoni>) [xxxi], 444, 

Bio(jr(iphie(iI JSotiee of Joseph /). IFcelb.s (Hunt) [xviii], 231. 

Biotifco aKHO<dat<‘d with iron-ores of Essex county, N. Y., 197. 

Birkinbink, John: The Iron-Orc ^upplp [xxxii], 519. 

Bisehoif on brass alloys, 500. 

Biwabik iron-mine, Mesabi range, Minn. [357]; visit to [xxxv], 

Black Hills (rold and Extraction Company’s cyanide- works, Deadwood, B. Dak. 
[421 j, 426. 

Black Hills, B. Dak.: analysis of rock, 222 c< ; fullers’ earth beds, 333: geology 
of, 204, lOS; gold- and silver-ores, 205 ei seq, 401 et seq.; history of develop- 
ment of gold- and silv<n'-ores, 420; litm-ature of geology, 230; visit to, xxxvii. 
ntack Priiu’e gold- and silver-mines, Clalena district, S. Dak. [22()1. 

Blake, W. P., iMunarks in di.scussiou of Dr. Don’s paper on the genesis of certain 
auriferous lodes, 1002. 

Blast-furnace prae.tiee: direct metal process, 29; at Dover furnace, Canal Dover, 
Ohio, 477 et seq . ; IiandUng of material, 3 etseq.; improvements in, 453; mixer” 
invented by Capt. Jones, 454 ; use of iron chills, 28, 

Blast-fumaec' products, analyses of, 4H3. 

Blast- furnaces: Ahfhama: JelTersou county; Pioneer, 12; Marytand: Baltimore 
county ; Maryland St(Mil Company, 5 ei seq . ; MiiMqmi : Marquette county ; Excel- 
sior, 551; Pioneer (charcoal), 551 ; Mhmesota: Bt. Louis county; Duluth Iron and 
Steel Comiiany (12]; New York: Erie county; Bntfalo Furnace Company, 16; 
Ohio: Tuscarawas county; Dover, 477 ei se>q. ; PimnsyUania : Allegheny county; 
Duquesne, 15 et seq., 453; Lucy, 11 etseq.; Cambria county; Cambria Iron Com- 
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pany, 10, 41; Lebanon county; Lebanon [11], 12; Mcxcor county, Spcarnum 

Iron Company [10] ; Northampton I oinity ; riccmansbuig, Bothloheni troii Com- 
pany, 8; 3nglaud; South Wales; Dowlais Iron Company, 4, :!0, Gi’niiiiiii/ : Obcr- 
hausen; Giitehoffnungshutte, lb*. 

Eli&ter-coppei*, analysis of, 108. 

Blue non-mine, Marquette range, Mich. [i>49]. 

Bochum, Germany, mining school, 717, 730. 

Boiler -water supply of northern Illinois, 130. 

Bonanza gold-mine, Otago, New Zealand : analyses of country-rock, (I.IT ; oxamina- 
tion of waters of vaclose region, 054. 

Bonanza-joker (Mine 21) iron-mine, Essex county, N. Y , 157. lt)8 ef svq , analyses 
of ore, 173. 

Bosqui, Francis L., remarks in discussion of the cyaiiulo process, H37. ^ 

Boss, C M.: Some DJlce Fmtnres of iU Go{fehc T)Oii-Fan(je [x'ixiij, H.K) ; discussion, 078. 

Boston iron-mine, Marquette range, Mich., 550. 

Branner. John C. : The Cement-Mateimla of SouiJiwcst Arhiusuff [xx], 12; discussion, 
944 ; remarks in discussion of his paper, .045. 

Brass * alloys, 48() et seq.q analyses of, 498 ef setj. Chinese, 50() , cxpeiiuu'iits on alh>js 
of varying proportions, 489 ; influence of lead on rolled and drawn, ISo cf 

seq., 977 ; “ Muntz ” alloy, 498, 505 , properties of “ high ” and “ low,” lSt5 ; tests of, 
489 et seq. 

Brick -clays of Colorado, 337, 

Brief Note on BaiJ-Specificaiions (Hunt) [xix], 139. 

Brilliant gold-mine, Queensland, Australia, 581; analyses of deep couutry-rocks, 
63S, 653. 

Brinsmade iron-mine, Essex county, N. Y. [188], analysis of ores 173. 

Brotherton iron-mine, Gogebic range, Mich. [313], 583. 

Brown Hoisting and Convoying Machine Company, Cdcvdand, Ohio; apparatus lor 
handling blast-furnacc material, 15 H seq. ; cantilevers, 385 et seq. 

Brunei's built-up wooden beam [738], 752 et seq. 

Bryant’s gold- and silver-mine, Black Hills, S, Dak. [413]. 

Buffiilo Fui’iiace Company, Buffalo, H. Y., blast-furnaces of, 18. 

Buffalo iron-mine, Marquette range, Micdi. [549 j. 

Built-Up wooden beams: allowable work ing-stre.sses, 807 : bibliography, Hl7; Bo.Hton 
and Maine Kail way key, 788; Brunei’s beam [738], 752 et seq.: cast-iron keys, 
774; Clark’s beam, 733 et .wjf., 753, 793; composite beams, H02; elliciomw of, 732. 
979 ; forms devoid of merit, 748; formulas for designing, Sd.3 ; haul wood ki'ys or 
joggles, 787, 799; kind and grade of lumber used in testing, 737 ; metal k<*y.s of 
various sUape.s, 7S4; metluxls of testing, 737 H seq. ; modulus (»f vuptun» (»f white 
pine, 814; of JSTorway pine, 737, 793; number and spaeing of wooden and irmi 
keys, BOH, 813; Kankinc’s beam L73<)|, 749 seq.: swun‘d with pipes ami ludts, 
780, 798 ; T-shaped keys, 7B5 et seq : keys of cross-shaped section, ; wrouglit- 
iron keys, 779. 

Bunker Fill and Sullivan concontration-w'orks, Warduer, Idaho, 79. 

Burt iron-mine, Hibbing, Mesabi range, Minn., 384. 

Burt Lot iron-mine, Essex county, N. Y, [149, 157], 173 et seq. 

Butte Kedncti on Company, Butte, Moui., 79. 

Buxton Mining Company’s chlorinatiou-works, Black Hills, S. I>ak„ 421, 

Calcito associated with iron-oi'cs of Essex county, N. Y., 197, 

California, investigation of water-supply of, 470, 478. 

Calorific Vohie of Cerfahi (hah as Determined hy the MahUr Cahrmeter (LouP and 
Haas) [xviii], 259; discussion, 948. 

Calorimeter, Mahler, 259, 948, 

Calumet and Hocla concentration-work!?, Lake Linden, Ifongliton rmmty, Mich., 79. 

Calumet and Hecla copper-mine, Houghton county, Mich, [351, 892, 893). 
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Cam])ria Iron Company, Johnstown, Pa., handling of material at blast-furnaces of, 
10, 41. 

(Vnnbiia iron-mine, Maicpiettc range, Mich., 549, 

CvMi’BELL, Prof, E D., remarks in discussion of Mr. Sauveur’s paper on the inicro- 
stiuciuro of steel and thcoiics of haidcniiig, 869. 

Oantoii iron-mine, Mesabi range, Minn., visit to [xxxv]. 

Car-axU's, ellect of heating iion, 867. 

Carbide theory oT hardening steel, 847 ct aeq. 

Oarbo-allotropic theory of hardening steel, 920 d seq. 

Carbon : conditions and reactions of, in steel, 886 ; part played by, in the metallurgy 
of steel, 90r2. 

Carbon-steel, 849 ef ficq. 

(Urbon theoiy of hardening steel, 847 et srq. 

Ca,rl)ornndum woiks near Niagara Falls, visit to, xxxii 
(’uribhean IMaiiganese Company, mines of, Colombia, S. A., 66. 

(hnu‘gi(‘ St('el ('ompany, Ltd., handling ore at Duquesne fiiriiacos of, 27, 

VRNKV, .) VMKS A. : The Qimlilij oj the Boiler -Waier Biqiplij of a Portion of Northern 

llUnoni f MX j, 160. 

Carpenti'r, F. R., on ore-deposits of the Black Hills, S. Dak., 209. 

(Jarraho inanganese-mino, (kilomhia, S. A., 63 et seq. 

(■ary iron -mine, (Jogehic range, Mich., 560. 

(^ast-irou: diamondH in, 853; physics of, 1005. 

(.Catalan forges in Maripiette iron-range, 547. 

Cathode copper, det(‘rmnmtiou of arsenic and antimony in, 967 et seq. 

Catlett, (hiAULKs: The. Jland-Aiujer and Hand-DrUl in Prospecting IPorl’ [xix]. 123. 
C(‘mcntite a (umstituent of steel, 847 et seq. 

(Jeineid’’ Materials of r^'oidhwest Arkansas (Branner) [xx], 42; discussion, 944. 

(Vnumt plasli'r, tec.Iinology of, 508. 

(Vntral copper-miiu', Keweenaw county, Mich. [693], 

C(‘ntral Lead (iomiiany’s concentration-works, Flat River, Mo., 79. 

Clialk-deposils of Arkansas, 42 etseq, ; analyses of fossiliferous and other chalks, 54, 58. 
Champion iron-mine, Blarquctto range, Mich., 519 et seq. 

Chandler iron-mine. Vermilion range, Minn., 352. 

(■hapiii iron* ore, analysis of, 481. 

Charging-enrs for liauclling blust-funiaco material, 5 et seq. 

Charters 4\)W(‘rH gold-field, (Queensland, Australia, 581 et seq. 

(.lhaudi't on Use properties of brass, 487, 499. 

Cheever iron-mine, near Port Henry, Essex county, N. Y. [149], 155, 191. 

<3u*sin'^ (Smith) iron-mine, Marquette range, Mich., 519. 

(hURAB, Eduardo J. : The Manganese-Deposits of the Department of Panamh, Bepithlic of 
Colombia jxx], 63. 

Chicago, 111: drainage channel, 288 ci .scr/. ; geology of site of, 288 ; meeting (annual) 
of th(^ Institute at, February, 1897, xvii, visit to works and institutions of, 
xxviii, 

Chicago iron-mine, Marquette range, Mich., 550. 

Chicago Main Drainage Channel (Lewis) [xviiij, 288. 

(huneHi^ brass, analysis of, 506. 

C3ih)rination-works (see also concentration -works, smelting- works, etc.) : Bonfh Da- 
kota: Lawrence county; Coldcn Reward [xxxviii], 421 cf m;.; Kildonaii, 421 
et seq. 

(hiriatie and Lowe bridge-conveyor, 300. 

(diristy, Ih'of. S. B., on the cyanide process, B21 et seq. 

Clironu'-niineH on Port an Port bay, Newfoundland, 283 el seq, 

(’hromite, analyses of, 2H5 et seq. 

( hromite-Deposits on Port an Port B ay ^ Newfoundland (Maynard) [xx], 283, 

Cincinnati iron-mine, Mesabi range, Minn., visit to [xxxv]. 
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Cinder, analyses of bla^'t-farnace, 483. 

Cinder* car, Weimer, 39. 

Clannel on the Sulnian (cyanogen -bromide) process, 8‘26. 

Clark'h built-up wooden beam, 733 et seq., 753, 793. 

Claustbal, Germany, mining school, 716, 726, 730 

Clays: analyses of, 62, 340; of Arkansas, 42 ef seq ; of Coloi*ado, 3.>6 Pt spq- 
Clays ami Clay^ Wo i Ici ng Indastnj of Colorado (Ries) [xkxi], 336. 

Cleveland Cliffs Iron Company, Marquette iron-range, Mich.: charcoal blast-funuioes 
of, 551 ; iron -mi lies of [549 J. 

Cleveland iron-mine, Marquette county, Mich., 343, 549. 

Cleveland Rolling Mill Company, transfer-car and ladle used by, 30. 

Cliff copper-mine, Keweenaw county, Mich. [(>93], 

Cliffs Shaft iron-nnnc, Marquette range, Mich., 549. 

Clock-brass, analysis of, 561. 

Coal : analyses of, 266, 267 ; calorific value of, 259 ef mj , 946 et seq, 

Cohen’s reef, Walhalhi gold-tield, Victoria, Australia, eruptive dike of, 571. 

Coke, analyses of, 480. 

Colby, Albert Ladd, abstractor report by, to the A.ssociation of Americnn Steel-Maim- 
factuiers ou the United States standard gauge, xxiv, 272. 

Colby iron-mine, Gogebic range, Mich., 562 

Coletta gold" and silver-mines, Galena district, S. Dak., 226 

Colombia, S. A.: mangancbc-deposits, 63 ; geological features of, 71 et seq. 

Colorado: clays and clay-working indiistiy, 336; eoiicent-ration-works, 79 ; investiga- 
tion of water-supply, 471, 474, 475; State Sciiool of Mines, 702 ef seq , 715 ef acq, 
Columbia (Kloiitan) iron-mine, Marquette range, Mich., 550 

Columbia School of Mines, New Yoik City, luunher of students at, 703 et seq,, 714 etseq, 
ComhmatUm Retort and Reverberatory Faniaee (DeKalb) [xxxn], 430. 

Comet iron-mine, Gogebic range, Mich , 563. 

Commodore ii*on-tnine, Mesabi range, Minn, [xxxv]. 

Concentrates from the porphyry of Union Hill, S. Dak., miiu'osropieal e\:uninatlon 
of, 220. 

Concentration-works .(see also smelting-works, stamp-unlls, etc.): (yarado: ('lear 
Creek county; Kohuioor, 79; Silve.r Age, 79; flilpin county; R(M‘ky Mountain, 
79; Ouray county ; Revenue Tunnel, 79; Pitkin eounty; Smuggler, 79: Idaho: 
Sliosliono county ; Bunker Hill and Sullivan, 79 ; Gmn, 79; Helena and KriH<*o, 
79 , Last Chance, 79 ; Standard, 79 ; Stemwinder, 79 ; MIehigan : Houghton eounty ; 
Calumet anil Hecla, 79; Osceola, 79; Quincy, 79; Tamarack, 79; .Uwoio'i .• Madi- 
son county; Mine lai Motto, 79; St. Franvom county; (’entrul Leml Compiuiy, 
79; Flat River Lead Company, 79; Montana: Deerlodge county; Anaconda, 79. 
Cook iron-mine, Essex county, N. Y. [150], 371 et seq. ; analysis of ore, J73, 

Copper: amount of pure copper contained in American high-grade ndhietl, 391 : anal- 
yses of blister-, refined converter and black, lOS et neq . ; assays of, for silver, 1 17, 
119; character of Lake Superior ores, 962; detenu inntion of goid and silver in 
blister- and other grades, lOH H neq,: distribution of the pr<‘cimm inctfds and 
impurities in, and suggcstioms for a rational mode of sampHug, 166 rt aeq, : elei*- 
trolytic asvsay applied to refined, 390,962; method for aualysis <»f refined, 397; 
lecont improvements in miningand mckillurgy of, 458, 

Copper-alloys, 113 et seq. ; relation between eoncentration, atomic, volume and physi- 
cal properties of elements, 122 

Ooiiper-bcarnig or Kewcemiwan rocks of Lake Superior region, 687. 

Copper-deposits of Lake Superior region, 69L 

Copper Falls copper-mine, Kewemiavv county, Mich., (i93. 

Copper-Mines: Mieliigan: Houghton county; Atlantic [xxxiv, 458, 693 j; CaUnnefc 
and Hoda [351, (J92, 693]; Franklin [.xxxiv, 6T3| ; Huron [693]; Osiu-ula (693|; 
Quincy [xxxiv, 693J ; Tamarack [xxxiv, 693]; Keweenaw county ; AUmie'/, [693] ; 
Central [693]; Cliff [693]; Copper Falls, 693 ; J9K»nix [693], 
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Copper-ores, origin and mode of occurrence of Lake Superior, 669. 

Copper plafccs, accumulation of amalgam on, 1003. 

Cora gold and silver-nune, Galena, S. Dak. [207], 216, 229. 

Goht , of niine-dani, 404; of mining iron-ore on Lake Superior and in Sweden com- 
pared, 553; of mining on the Mesabi iron-range, Minn., 533, 541; of working 
Arkansas clay-bods, 60. 

Council of the Jnstitntc, annual report of, xxi. 

Coiintry-iock of auriferous areas of Australia and New Zealand, analyses of, 566 ei 
s<'q., 622 Pt srq. 

Crag Harbor iron-mine, Essex county, N. Y., 149, 150. 

Crane Elevator Company, Uoisting-engines of, 10. 

Grown gold-mine, Thames district, New Zealand: analyses of country-rock, 659; 
examination of waters of vadoso region, 651. 

Crystalline and eruptive rocks of Now Zealand, exiiininatioii of constituents of, for 
gold and silver, 589. 

Ciiny iron-nuue, Menominee range, Midi., dam at, 400. 

Proevsti (dihcushion of the papers by Messrs, Christy, Furman and Packaa’d. 
See vol. xxvi,709, 721 and 725) [xix], 821. 

Cyanide piocess : for gold-ores, 461, 821 ; Kendall, 823 rt seq . ; MacArthur-Forrest [461] 
823 ot si>q.: Pdatun-Clenci, 823 ei Hcq.; practice at Bod le, Cal., 837; Sieiiieiis- 
ITabske. [4(nl, 830; in South African gold-delds, 278, 834; Sulman cyanogen- 
bromide, 826; use of sodium dioxide in, 823 et seq 

(\yanide-Holiitions, precipitation of gold by zme-thread from, 278. 

Cyanide- works (see also dilorination-woiks and stamp-mills): F^outli DaJcafAi : Law- 
rence county; Black Hills Gold and Extraction Company, 421 et mj 

Dacy gold- and silver-mine, Black Hills, S. Dak., 417. 

Dalliha (Pheenix) iron-mine, Marquette range, Mich. [550]. 

Dalton Pit iron-mine, Barton Hill, Essex county, N. AG, 172. 

Dam, mine-, 400. 

Darlington (Middle Kittaiining) coal, Pa, analyses and calorific power of, 266 et seq , 
948 ef neq, 

Davns (WluMding and Grand Rapids) iron-mine, Marquette range, Mich., 550. 

Davy Huudting-workh, Galena, S. Dak., 427. 

Deadwood and Delaware snicUing-works, Deadwood, S. Dak., 421 d seq, 

I)(*ndwood, 8. Dak., visit to, xxxviii. 

Peehnef (Utnqe foe (T/rc and Shed-Jnni (Raymond) [xx], 272. 

DmK ,\U{, (kiURTMNAY : A Coiuhiiintmi Retort and Reverberatory [xxxii], 430. 

Ihdawan' Lackawanna (Sum Mitchell) iron-mine, Marquette range, Mich., 550. 

Dknton, F. W. ; Meiho(U of Iron-Mmnnj in Noifhern Miunemta [xix], 344. 

DoHiliconizing process invented by Benjamin Talbot, 455. 

DeterminaUou of iiiHolublo phosphorus in iron-ores, 111. 

D(4rifcal rocks of Lake Superior region, 670. 

Detroit iron-mine, Manpiette range, IMich., 550. 

J>evelopmenf. of Lake »SVpcrfor Ir(oh<)reft (Bacon) [xxxii], 341. 

Dexter (Dcy) iron-mine, Miirquctto range, Mnsh., 549. 

Diablo tin-mine, Durango, Mexico, 428. 

Diamond-caihon, din'usion of, in solid iron, 852. 

Dlamouds in cast-iron, vS53. 

Dik(^-rock of Australian gold-fields, analyscB of, 629 et seq. 

Dikes: of Austniliau and New Zealand go Id -fields, 572 et i^eq, ; of Gogebic iron- 
range, Mich., 55(}, 978; trap dikes of magnetite regions, Essex county, N. , 153. 

Dillon Cement Plaster Goiiipuny, Kansas, 511. 

Direct- metal proc-ess, 29, 

Didrihalkn of the PmLma Metals and Imqmritmin and BaggeMimis f^r a Ruthml 

Mikle of Baniplhm (Kellkii) Ixlx], 106. 
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Dividend gold- and silver -mine, Black Hills, S. Dak. 

Don, John E. , The Genesis of Ceitahi Aurifetons Lodes [xx], 5(3 i: discussion, 995. 

Don Pedro gold-mine, Thames district, New Zealand, analyses ot country-rock oi, (iliJ. 
Dover blast-furnace, Canal Dover, Okia, 477 et seq. 

Dowlais Iron Company, Cardiff, South Wales, handling of material at blasi-furnaccs 
of, 4, 30. 

Dowlais pig-breaker, 30. 

Drainage channel, Chicago, 28S. 

Drum Luminon stamp-mill, Marysville, Mont , 1004. 

Dublin Duitcd gold-mine, Macctowu, Otago, New Zealand, analyses of ipnirtz-folia of, 
639. 

DuBois, Howard W., and Mixer, Charles T.‘ Notes on the Dilenmnefion oj Insofth 
blc Phosphorus Di Iron-Ores [xix], 141. 

Dudley, I^. H., romaikb in discussion of Mr. Sanvein’s paper on the iniciostiuetuic 
ol steel and theories of hardening, 864. 

Duluth irou-miue, Mosabi range, Minn., visit to [xxxv]. 

Duluth Iron and Steel Company, Duluth, Mnm , blast-tiiniaco ol [Jdj- 
Duluth, Mnm , visit to juauu factories of, xvxvi. 

Diiuuesne bhist-furnaccs, Allegheny county, Pa. [453], haiidluig of niatciuil ut, 15 
et seq. 

Durango, Mexico, tin-deposits, 428. 

East Oliainpicm (Keystone) iron-mine, Marquette range, jMicIi., 550. 

East New Yoik iron-mine, Marquette range, Midi , 350. 

East NoiTio lion-mine, G-ogebic range, Midi., 500. 

Edison, treatment of ore at Ogden iron-mine by, 457. 

Eclwaids (Samson, also Argyle) iron-mine, Atarquette range, Miidi. [550 i. 

Lfkicnep of Jhiili-Up Wooden Learns (Kidwkll) [xxxil, 732; ilisenssion, 9T9. 

Electrical im})rovomciits in mining and metallurgy, 461, 

NJectwlytk Assay as Applied to Eefoicd Copper (He.vth) [xxxi], 390; discussion, 902, 

El Sileiicio stainp-mill, Colombia, S. A., 1005. 

Emmons, S. F, remarks in discussion of Dr. Don’s paper on the gonesi.s of eriluin 
auriferous lodes, 993. 

Empire gold- and silvcr-minc, Black Hills, S. Dak. [4PJ1, 420. 

Engineering education, some statistic.4 of, 712. 

England, iron- works of, 4, 30. 

Equal settling particles, 82 e( seq. 

Eric iroii-inino, Marquette range, Mitdi., ,550. 

Eruptive and crystalline rocks of New Zealand, examination of con.'itiimmta of, lor 
gold and silver, .5H9. 

Eruptive, volcanic or igneous rocks of Dako Superior region, 672. 

Eureka iron-mine, Clogebic range, Mich., 503. 

Excelsior Ida, st-funnicc (charcoal), Ihlipeming, Mich., 5,51. 

Excursions and entertaimnents, xxvii, xx.xii. 

Explorations on the Mtmbi Ilange (Lonoyeak) [X3C,xii|, ,537. 

Father Hcimepiu irow-mme, fkigcbic range, Midu, 5.59 [97H]. 

Faults m Australian and New Zealand gold distrietn, 567 ti seu, 

Fiiyal iron-nuue, Mimbi rangCj Muiin, 376, 5;r>; visit to [xxxv], 

Federal iron-mine, Gogebic range, Mich., ,5^*2. 

Feldspars associated with iron-ores of Essex county, N. V,, 197. 

Fenner, C. N., remarks in discuBsion of the accumulation of amiilgmu on eopper 
I>lates, 1003. 

Fernow, B. E., remarks in discussion of Frof. Kidweirs paper ou the eidclency 
built-up wooden beams, 9H5. 

Ferrite a constituent of steel, 855 et setp 
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I'ieUl Coluiubuiii Museum, Chicago, 111., visit to, xxvii. 

Fire-chiys and pottery-clays of Colorado, 339. 

Firmstone, Frank, remarks ui discussion of Mr. Sperry’s paper on the influence of 
lead on lolled and drawn buihs, 977. 

Fisher Ilill iron-mine, Essex county, N. Y [149, 157], 173 et seq.; analysis of ore, 174. 
Fitch iion-inme, Maiqucttc range, Mich , 5.50 

Flat Uivei Lead (loiupany’s concentration-works, Flat River, Mo., 79. 

Florida, fullinV eantli of [333]. 

Flue-dust of Dover funiace, Ohio, 485. 

Fluoiitc associated with iron-ores of Essex county, N. Y,, 198. 

Folger gold- and silvcr-innie, Black Hills, 8. Dak., 421. 

Forchh(‘iin('r on built-up wooden beams, 933 
Fossil I ferous chalks, analyses of, 54. 

Foster iron-mine, Mauiuettc range, Midi., .549. 

France, mining schools of, 716 et seq, 

Franklin copjiei-minc, Houghton county. Mich. [693], visit to, xxxiv. 

Franklin irou-niine, Mcsabi range, Mmii., 388; visit to [xxxv]. 

Franklin iron-ore, analysis of, 481. 

Feaxier, Perstfor: Notes on the NoHheni Binds Hills of South Dalotn [xx], 204. 
Fx’ccport (Upper) coal, Ohio and Pa., analyses and calorific power of, 266 et seq.^ 948 
et seq. 

FreilRTg, Saxony, mining school, 710, 726. 

Fritz:, John, pneumatic hoists debigiicd by, 8. 

Fulleis’ earth : analyses of, 335; of Florida [333]; of South Dakota, 333. 

FiiUees' Knrth of Soitih Dukota (Riks) [xxxij, .333. 

Furman, 11. Van F., outlie cyanulo process, 821. 

Furmuu's : eonihinatiou retort and reverberatory, for laboratory use, 430; Pearco 
turiad, 1(50. 

Habbros of Mssex e.ouuty, N. Y., iron-mi m^s, 151, 176 et seq. 

Hahiiers (billy gohl-ninu‘,, Otago, New Zealand, examination of wateis of vadose 
region of, (>54 

(bihma gold and silver district, Black Hills, S. Dak., 205, 406, 427. 

<5amo Hmi gold-imne, Otago, New Zealand, examination of waters of vadose region 
of, 65*1. 

(Janu't as.Mociatii'd with iron-oreB of Mssex county, N. Y., 198. 

OaseH, aunlyHes of blast- furnace, *183. 

<late.si iroii-miiHN Ehh<‘x county, N. Y., 150. 

(bulge, di'cimal, tor wire and sheet-iron, 272. 

(bt/.e, Dr., c.yanogmi-hromidc applied to the extraction of gold by, B32. 

(bmi eomumirati<)n-work.H, (bnn, Shoshone county, Idaho, 79. 

(Boiesh of (*er(am Anrffeeous Lodes (Don) [xx], 564; discussion, 993 
(bmoa irou-miue, Mcsabi range, Minn,, 3H3 [535]. 

Heologyof: Black Hills, 8. Dak., 204, 408 ; Colombia, H. 72; Lake Superior region, 
670 et seq. : m<igni*titcH of Egsex county, N. Y., 151: manganese deposits of Colom- 
bia, S. A., 71 etseq. ,* Manpietfce iron-range, Miclu, .542 ; site of Chicago, 288, 
deoloilU of Moqodltes iiene Port Ilcnnj^ N. F., and Msxmnally those of Minnyilh (KemjO 
[xx], 14(>. 

CeorgiH, investigation of water-supply of, 4(5H, 473. 

(bmildino double-boom revolving derrick, 331. 

(iermimia irou-mim?, (togeblc I'ango, Mich,, 560. 

(Germany : iron-works, 16 ; mining schools, 716 ei seq. 

Hibson iron-mine, Muripiettc range, Mich., 550. 

(JippHlaud, Victoria, Australia; amilysos of country-rock from vadoso region ofWal- 
halla gold-field, (>.55; analyses of (iike-niaterial from Long Tunnel gold-mine, 
633, (i34. 
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Gneisses of Essex county, N. Y., iion-mines, 151, 176 etseq. 

Goetz, George W , biographical notice of, 436. 

Gogebic iron-range, Lake Superior region [551] : analyses of ores, xlviii ; dike fea- 
tures of, 556, 978; iron-mines, 556 et seq. , statistics of shipments of ore, xlv, 521 
et seq 

Gold: analyses of mine-timbers for, 603; analyses of wood lying years iindci sea- 
water, for, 617 ; contents of, in deep country rocks of Australian and New Zealand 
gold districts, 566 et seq.; cyanide process, 821; determination of, in lilister- ami 
other grades of copper, 108 et seq ; examination of constitnonts of crystalline and 
eruptive rocks for silver and, 589; electiical precipitation of, Irom auro-potassic 
cyanide, 828; experiments in reducing gold from scu-water, 618 ct seq ; irnprov(‘- 
ments in raining and metallurgy of, 459; natuial solvents of, 597; oiigm of, in 
stiatified deposits, 612 ; precipitation of, from cyanule-solntions by zinc-thread. 
278; precipitation of, in marnio and coast sediment, 615 et seq. , ndative lineness 
of vadose and deep vein-gold, 607; search for, in mine- waters, 601, 601; in sea- 
water, 612 ef seq , 998. 

Golden Eeward chlori nation-works, Deadwood, S. Dak., 421 et seq ; visit to, xxxviii. 
Gold-fields- Australia: Queensland; Charters Towei-s, 5S1 et seq,; (iympi(‘, 577, 590 
ef seq. ; Victoria * Ballarat, 563 ef seq, ; Bendigo, 566 et seq ; Wallialla, 571 et seq. ; 
New Zealand. Otago (Nenthorn), 581 et seq., (>06 et seq.; Kcefton, 5S1 et seq.; 
Thames (Hauraki), 585 et seq. ; Flout h Afiica; Transvaal, 278 
Gold-mines (sec also gold- and silver-mines) : United States; California' Amador 
county, Keystone [1003] ; Mai ipo.sa county ; Princeton [1003]; Plumas county ; 
Plumas [1003] ; Uicluqan: Mai quettc county ; Michigan, 555; Ropes, 555. Foit- 
EIGN Countries : Aasfraha: Queensland; Brilliant, 5S1, 6,‘H, (>5.3; North 9h<e- 
nix, 580 et seq ; St George, 581, 638, 653; Victoria; Guiding Star [5?2|; Lan- 
soirs ‘*180” [566]; Xjong Tunnel, 575 et seq. ; New Chum Railway, 566 et seq.; 
Northern Star Company, 572 cf. ; Prince Regent, 5(59, 62(> ; South St. Mungo, 
567 etseq.; Tam O’Shantcr, 573, 632; United Alhioii, 573, 631, (563; New Zealand : 
Otago; Bella [654,657], Bonanza[654, 657]; Dublin United, (539; ({abriid’H thillj'' 
[654] ; Game Hen [651] ; KiUarney, 639 et seq.; Premier, 583 et seq.; Tipperary, 
582 et seq. ; Bt^efton; Ilorcules, 584; Progres.s, 584, 645 ; Wealth of NuIiouh, 584, 
645; Thames district , Alhurnia [(>51] : Crown [651, (559) ; Uon Pedro, (5l(>; Grace 
Darling [654, 659]; Maria [654, 659] ; Martha [654] ; Moanaiaiari Tumnd, 587 cf ' 
seq. ; Wliau [654] ; Woodstock [654, (>59]. 

Gold-ores* assays of, 816 ; of the Black Hills, S. Dak., 205 etseq.. 401 et seq. 

Gold- and silver-mines (see also gold-mines and silver-mincK) ; Flotdh Ihtkota : Law- 
rence county; Black Prmcc [226] ; Bryant’s [413]; i’olctta, 22(5; C«>ra {207|, 
216,229; Dacy, 417; Dividend [415]; Empire [419], 420; Folger, 421 ; Gustavtm 
[421]; Hoodoo, 214 G ; Indispensable, 420 ; Iron Hill, 420; Lynu,228; <Hive, 
421; Perseverance, 420; Pilgrim [421]; Portland [4211; Row-Hannihal, 419; 
Stewart [xxxviii]; Trojan [419], 420; Union 11111,213 et seq,; Wnh'omc j 116}. 
Gold- and silvor-orcs ; analyses of, 415, 418; jussuysof, 216, 219, 229: characUu-, occur- 
ronco and origin of Black Hills, H. Dak., deposits, 414; met-allurgy of, at Black 
Hills, S. Dak., mine«, 422; jiresent output of Black IUIIh, S. Dak., 426. 

Goodrich iron-mine, Mariiuette range, Mich., 550, 

(^ould conveyor, 304. 

Grace Darling gold-mine, Thames district. New Zealand: anal y sen of country rock, 
(559 ; exam 1 nation of wai.ers of vadoso region, 654. 

Grand Oontnil (New York Hematite) iron-mine, Marquette range, Mich, (ool)], 

Grand Rapids (Davis, also Wheeling) iron-mine, Marquette range, Mich. |550], 
Guottier, projiortions of brass alloy' given by, 4$19, 

Guiding Star goUl-miiie, Ballarat, AGctoria, Australia [572], 

Gustavus gdd- and silvor-minc, Black Hills, S. Dak. [421], 

G-utchoiFuungshutto blast-furnaces, Oberhausen, (tommy, 16, 

Gympie goldGleld, Queensland, Australia, 577, 590 H seq. 
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Gypsite, analysis of, 512. 

Gypsum-deposits in Kansas, Indian Territory and Texas, 509 et seq. 

Haas, P., and Lord, N. W. • The Calorific Vcdae of Certain Coals as Determined hy the 
Mtdilcr Calorimeter [xviii], 259; discussion, 946‘. 

Hadftdld, R, a., remarks in discussion of Mr Sauveur’s paper on the microstiuctiire 
of steel and theories of hardening, 848. 

Halifax Chrome Company’s chrome-mines. Port au Port bay, Newfoundland, 284. 
Hand- Anger and Hand-Drill in Prospecting IForA* (Catlbjtt)) [xix], 123. 

Hand-drill in prospecting-work, 123. 

Handling of Material at the Blast -Furnace (Sahlin) [xix], 3. 

Hardening steel, current theoiies of, 84(5. 

Hartford iron-mine, Marquette range, Mich., 549. 

Harvard University (see Lawrence Scientific School). 

Hauraki (Thames) gold-held. New Zealand, 585 et seq. 

Heath, George L. : The Electrolytic Assay os Applied to Refined Copper [xxxi], 390; 

discussion; 902; remarks in discussion of his paper, 970. 

Heating-power of coals, 259, 940 et seq. 

Heat-treatment of steel, 840 et seq. 

Heberlein, G. A., on the determination of arsenic and antimony in wire-bar and 
cathode copper, 9G7. 

Hcidenreich Company's excavating machinery, 299 et seq. 

Helena and Frisco conceiitratio«n-works, Gem, Idaho, 79. 

Hematite associated with iron-ores of Hssex county, N. Y., 198, 

Hercules gold-mine, Reefton district, Now Zealand, 581. 

JIiBBARi), IIknry 1),: remarks in discussion of Mr. Sauveur’s paper on the micro- 
structuro of steel and theories of hardening, 852; on the production of clean 
sand-free pig-iron, 32. 

IIiLi., Robert T., remarks in discussion of Prof. Braiiiicr's paper on the cement-ma- 
terials of southwest Arkansas, 944. 

Hocking Valley (Middle Kittauning) coal, Ohio, analysis and calorific power of, 2G7 
et seq., 94 8 e/5 seq. 

Hoists for handling blast-furnace material, 5 e< seq. 

Holley, Alexander L., improvements in Bessemer process by [45G]. 

Home (Stac West, also Wlieat) iron-mine, Marquette Range, Mich. [549j. 

Homestako Mining (bmpany. Lead, S. T)ak., visit to works of, xxxviii. 

Hoodoo gold- and silver-mine. Galena, S. Dak., 214 et seq. 

Hoover and Mason steel-belt excavator, 301. 

Hornblende associated with iron -ores of Essex county, N. Y.,ir)l, 100 [198]. 

Hortonse (North Champion) iron-mine, Marquette range, Mich. [550]. 

Houghton, Mich,, session of the Institute at, July, 1897, xxxi. 

Howden slag-couvcyor, 41. 

Howe, Henry M., remarks in discussion of Mr. Sauveur’s paper on themicrostructiiro 
of steel and theories of hardening, 908. 

Hulett-McMyler revolving derricks, 310, 

Hull iron-mine, Hiblung, Mosabi range, Minn., 384. 

Holst, Nelson P.: lilographieM Notice of Ueorge W. Coeiz [xviii], 436. 

Humboldt (Washington) iron-mine, Marquette range, Mich., 549. 

Humbug iron-mine, Essex county, N. Y., 150, 171, 

Hunt, ALiniEO R. ; Biographical Notice of Mseph D. Weels [xviii], 231, 

Hunt, Robert W. : Brief Note on RaU-Spedfications [xix], 139. 

Huron copper-mine, Houghton county, Mich. [093]. 

Hutton, Prof. B\ W., on the rocks of the Thames (Hauraki) gold-field, New Zealand, 
580 et seq. 

Hypersthene associated with iron-ores of Essex county, N. Y., 198. 

Idaho; concentration works, 79; investigation of water-supply, 471, 475, 470, 
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Illinois; boiler-water supply, 130; investigation of watei -supply, 408; steel-woiks, 
10 et seq. 

Illinois Central Eailroad, visit to shops of, at Burnside, 111., xxvii. 

Illinois Steel Company’s works, South Chicago, III., !(>; visit to, xxviii. 

Imperial (Wetmore) iron-mine, Marquette I’ange, Mich., 540 vt srq 

I)iip) ovtnnents in Mining and MetnUnrgical AppViancef^ During ihr Last Decade (Presi- 
dential Address at Chicago) (Spilsbury) [xxv], 45*2. 

Indiana, investigation of water-supply of, 468. 

Indiana (Bay State) iron-mine, Maiquette range, Mich. [550]. 

Indian Teiritory gypsum deposits, 511. 

Indispensable gold- and silver-mine, Black Hills, S. Dak., 420. 

Influence of Lead on Lolled and Drawn Jhann (Spkrrv) [xxxi], 485; discussion, 077. 

Ing ILLS, Walter Benton. Notes on the Tln-Deposds of Merlco [x.vxi], 128. 

Inecstajafuni of ITatcr-Hupphj {’NeweljA [xx.xii], 465. 

Iron’ allotiopic tiansfoimations of, HOO; alpha iron in steel, b0,3 (d seq. ,* analyh<‘s of, 
4S3: beta iron in stool, S 10 ct seq , changes of volume in hardening, 807 ; di (fusion 
of diamond-carhou in solid, 852, magnetic and electric relations of various 
terms and conditions of, OOd et .svv/. ; pcrinaiience of allotrojiic foiins, 805. 

Iron Belt irou-mnic, Gogebic lange, Mich., 558 et seq. 

Iron chills, use of, in casting, 28. 

Ii’ou 01 ids Company’s iron-mines, Marquette range, Mich., 540. 

Iron Hill gold- and silver-mine. Black Hills, S. Dak., 4r30. 

Iron-miues: Uniteb Statics: Michigan: Dickinson county; (-urry, 0)0; Gogebic 
range; Anvil, 563 ; Ashland, 560; Atlantic, 550; Aurora, 560; Hrotherton 
563, Cary, 5(J0; Colby, 562 ; Comet, 563; East NoiTi(‘, 5(>0, Eureka, 563 ; Fat Inn* 
Heiiiiepiu, 550, 978; Fcdeial, 5()2 , Germania, 5(50; Iron Belt, 558 et seq. . Inmtou, 
5(52, .lack Pot, 562; Mikado, 563; Minnewawa, 5(50; Montreal, 550, 078; New- 
port, 560 [978] ; Norrie, 557,5(50; Odanuh [078); Pahst, 560; Palms, 562 {OTSj; 
Pence, 559, 978 ; Puritan, 5(52 ; Shores, 5,58; Sparta, 563: Snmhiy Luk(% 563 ; Su- 
perior, 560; Tilden, 562; Windsor, 5(50; Mariiiudte range'; Albion, 550; Allen, 
550; American (Sterling), 550 ; Ames, 5.50; Barnum, 541 (510); Hay State (In- 
diana), 550, Beaufort, 550; Bessi(', 5,50; Blue [510] ; Pxiston, 550 ; Bulfalo |540l; 
Cambria, 549; Cliampion, 510 et .seq. ; Che.sire (Smith), 510; Chicago, 550; Cleve- 
land, 313, 549; Olilfs Shaft, 510; Columbia (Kloman), 550; Davis (Wlu'tding 
and Cvand Bapids), 550; Del. and Lackawanna (Sam Mitclndl), 550; Detroit, 
550; Dexter (l)cy),540; East Champion (Keystone), 550; East New York, 550 ; 

550; Fitch, 550; Foste.r, 510; (Jihson, 550; Goodtich, 550; Hartford, 510; 
lIuiulKjldt (Washington), 510; Imperial (Wetmore), 510 et seq.; Iron (3i(fs 
Company’s, 540; Iron Mountain, 550; Jackson [341, 517], 5(0; Lakt‘ Supi'idor 
Iron Company, 514 et seq.; Lake Superior, 5(0; Lillie (Ht'SNcmer), 510; Lucy 
(MeComher), 540; Manganchc, 550 ; Mesuhi Frimid, 5U); Miidiigamme, 5 (0 ; Mil- 
waukee, 550; Mitchell [510]; National, 514, 5,10; Neguunt'c, 510 et seq.; New 
England, 550; New York Hematite (Grand Central). 550; New V<nit t York », 550 ; 
North Champion (Hortense), 5,50; Norwood, 550; Palmer, 540; Paseoe, 5 . 50 ; 
Peiulill, 550; Phamix (DiUliha), 550; Pittsburgh and Lake Angidine Iron Com- 
pany’s, 540; Platt, 550; Pnmm of Wales, 511 [540]; <2ueen, 5U, 510 e/ seq,; 
Eepiiblie, 541, 510 et seq.; Ri<5hmond, 510; Uiv<n\side, 510; Uolling Mill, 550 ; 
Saginaw, 550 , St. Lawrence (Nonpareil), 550; Sulishury, 540; Samson ( Edwards 
or Argylo), 550; South BuOalo, 541 [540]; Sptirr, 550; Star West (Wheat or 
Home), 540; Swanzy [540] ; Taylor, 550; Titan, 550; V«dnnteer (Pittsburgli and 
Lake, Sniierior), 549 ; Webster, 550; West RepubHe, 550; Winthrup, 510 ; .l/imie- 
soia : Saint lauiis county; Minnesota Iron Company, xxxv; Mesald range; 
Adams [xxxv]; Auburn [xxxv], 361 [536]; Bhvabik [xxxv, 357}; Burt, 3H4 ; 
Canton [xxxv]; Cimiimmti [xxxvh Commodore [.xxxv] ; Dninih [xxxv]: l»Xyal 
[xxxv], 376, 535; Franklin [xxxv], 3Sri; Genoa, 3h3 [535]; Hull, :iH|; yike 
Superior [5,35] ; Lone Jack [xxxvj; Mahoning Company, :J84 ; Mountain Iron, 
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xxxvi, 3{)0 [53(5] : Norman [xxxv, 535], Oliio [xxxv] ; Oliver [xxxv], 361; Rust, 
381; Vermilion range ; Chandler, 352 ; Minnesota, 345; Pioneer, 357 ; New Jersey: 
Sussex county; Ogden, 457; New Yo)h: Essex county; Aicli Pit, 172 et seq. : 
Big Pit, 172 et seq ; Bonanza-Joker (Mine 21), 157, 168 et seq ; Brinsraade [166] ; 
Bnrt Lot [149, 157], 173 et seq ; Cheever [149], 155, 194; Cook [150], 171 et seq , 
Crag Harbor, 149, 150; Dalton Pit, 172; Fisher Hill [149, 157], 173 et seq : Gates, 
150; Humbug, 150, 171 ; Kent, 150; Lee [149], 151. Little Pit, 172 etseq : Little 
Pond [150] ; Lover’s Hole, 172 et seq ; Miller Pit, 157, 15S et seq ; New Bed, 172 
et seq.; Nichols Pond, 150, Nolan [169]; North Pit, 173 ef seq ; Odell [150]; Old 
Bed (Sanford, Mine 23), 157, 166 et seq. ; Old Noicli Pit, 172 et seq ; O’Neill [149], 
171 etseq ; Orchard Pit, 173 etseq.; Pease [149], 156; Pilfershire [149], 156; Potts 
[174]: Itoe [175] ; Sherman, 171, South Pit, 17^ ei seq ; Split Rock [150]: Teffts, 
157,1(59 et seq.; Tower [36Hj; Tunnel Hill [150]; Waldor’s Pit, 172; Welch. 
157 et seq ; W.isson’s Pit, 172. Fokekin Countiubs Sweden: Beisbeig, 553. 

Iron Mountain iron-mine, Marquette range, Mich , 550 

Iron-niekel alloy, 819, 

Iron-ores* analyses of, xlvi et seq., 154 et seq, 481, 510; average production in the 
United States for last eight years, 526; average valno at mines, 526; deteimina- 
lion of insoluble phosphorus in, 141; discovery of Marquette range deposits, 
545; improvements in mining and metallurgy of, 453; of Lake Superior le- 
gion, xliv, 341, 3 14, 519. 529, 537, 543, 556 ; magnetites of Port Henry and Mine- 
villo, N. Y., 116 et seq. : of Mesabi range, Minn , 357, 521, 529 et seq , 537 at seq. : 
mining methods in northern Minnesota, 344; non-titaniferous, of Port Henry and 
Mincville, N. Y., 154; origin ot Essex county, N Y., magnetites, 190; production 
of, in foreign countries, 527; statistics of shipments from Lake Supeiior langcs, 
xliv, xlv, 521 ei seq. 

IroU'Ore ( Birkiniune) [xxxii], 519. 

Irontou U'on-miiu‘, Gogebic, range, Mich., 562. 

Iron-works: lielqhm: Sm'aing; Soci etc John Cock erill [16]. 

Irrigation and water-supply, papers on, 477. 

Jack Pot iron-mine, (logidiic range, Mich., 562. 

Jackson iron-mine, Maniui^tte range, Mich. [341, 547], 519. 

Jacoby, Proe. Henry S., remarks in discussion of Prof. Kidwell’s paper on the ef- 
llciency of built-up wooden beams, 979. 

James, Alered : The PreeipHntUm of (rotd bp /Jue,- Thread from D'dntc and Foul C)/(inide- 
Solutions [xx], 278; remarks in discussion of the cyanhle process, 831. 

Japan, University of, uumb.ir of mining students at, 717. 729. 

Jasper, occurrence of, in Essex county, N. Y., iron-mines, 198, 

Jenkins, Proe. Henry C., remarks in discussion of Mr. S.iuveur’s paper on the lui- 
crostructure of steid and theories of hardening, 853. 

JesHop’s tool-steel, beat-treatment of, H6H. 

Johnson, Guy R,; Sulphur in Emhreuilie Fus Iron [xix], 243. 

Johnson, Proe. J, B., remarks in discussion of Prof. Kul well’s paper on the edicieiu'y 
of built-up wooden beams, 984. 

Joliet steel-works, Joliet, 111 [1()|. 

Jones, (iapt. W. R., “mixer” invented by, 451. 

JopiHNH, James E. : The Marquette Fan(fe*--~Jts Fiseooerp, Development and Fesourees 
[xxxii], 541. 

Kansas: gypsum deposits, 509; investigation of water-supply, 469, 474. 

Keller, Edward: The Vistrilmiion of the. FteeUms Metals and Impurities in Copper, 
and Sngifeshions for a Hnftonal Mode of Sampluig [xix], 10(1 

Kelly, William : A J/o/c-Droa [xxxii], 400. 

Kemp, J. E. : The (leology of the Magnetites near Port Ifenry, N. Y., and Espedallg those of 
Minemlle [xx], 14(5; on the character of the rocks of C’olombia, S. A.,'mangancsc- 
deposits, 72, 
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Kendall process (cyanide), 823 et seq. 

Kent iron-mine, Essex county N. Y., 150. 

Kent, 'William . remarks in discussion : of Prof. Kidwell’s paper on tlic efficiency of 
bnilfc-up wooden beams, 9S7 ; of the paper of Messrs. Loid and Haas on the calo- 
rific value of certain coals, 946. 

Kerl on brass alloys, 500. 

Keweenawan or copper-bearing rocks of Lake Superior region, 6S7, 

ICeweenaw Point copper-deposits, Lake Superior region, Mich., (>9k 
Keys for securing built-up wooden beams, 73 1 et seq. 

Keystone gold-mine, Amador county, Cal. [1003]. 

Keystone (East Champion) iron-mine, Marquette range, Mich. [550]. 

Kibwell, Elgah : The E^vieotcy of Eiult-uq) Wooden Eeams [xxxi], 7,'?2 ; discuHsion, 
979; remarks in discussion : of his paper on built-up wooden beams, 090; of Mr. 
HeatlPs paper on the electrolytic assay as applied to refined copper, 9(56. 

Kildonan Milling Company’s chlorination -works, Pluina, >S. Dak., 121 et 
Killarney gold-mine, Macetown, Otago, New Zealand, analyses of qiiartz-tolni and 
country-rock of, 639 et seq, 

Kittanuing (Middle) coal, Ohio and Pa , analyses and calorific power of, 2({(> et seq., J)18 
et seq, 

Klepktko, Feank, remarks in discussion of Mr. Heath’s paper on the electrolytic 
assay as applied to refined copper, 967. 

Klomau (Columbia) iron-mino, Marquette range, Mich. [550], 

Kohnioor concentration-works, Idaho Springs, Colo., 79, 

Krupp, formulre for brass by, 499. 

La Guaca inaiigancso-minc, 63 et seg. ; analysis of ore, 68. 

Lake Superior Consolidated Minos, iron-ininos of, northern Minnesota, 345 ei svq. 

Lake Superior iron-mine, Marquette range. Mich., ,549. 

Lake Superior iron-nihics, Mesabi range, Mimi. [535]. 

Lake Superior region: capacity and record of orc-dockn, xlix, 51S ; copper-nri'S, 669, 
962; geology of copper region, 670 cf seq.; iron ranges, x\xv, 311, 311, .519, 529, 
537,541, 556; meeting of the Institute in, duly, 1897, xxx: origin and mode of 
occxnicnco of copper-deposits, 669; statistics of shipments <»r iron-ore, xliv, 52<1 
et seq. 

Lake Superior smelting-works, Houghton county, Mich., vi.sit to [xxxiv]. 

Langley and Metcalf theory of hardening steel, H62. 

Lansell’s "180” gold-mine, Bendigo, Victoria, Australia [566]. 

Lautbanite associated with iron-ores of Kssex county, N. V., 19S. 

Last Chance con con tratioii -works, Wardnor, Shoshone <Mi«nty, Idaho, 79. 

Lateral secretion theory of orivdciKwition, 59,5 et seg,., 995, 101)1. 

Lawrence Scientific School (Harvard University), Ciunhriilgc, ^Iass„ mnidn'r of stii- 
dents at, 707, 714 et seq. 

Lead, iidlueiico of, on rolled and drawn brass, 485 et seq,, 977, 

Lead -ores, metallurgy of, 462. 

Lebanon bhust-fu maces, Lebanon, Pa. [11], 12. 

LeContk, Joseph, remarks in discuRSion of Dr. Doifs paper on tbe genesis iif eer* 
tain anriferaus lodes, 993. 

Ledkuith, Peof. a., renuirks in discussion of T\tr. SauveuFs paper on tlie inlem- 
structura of stiad and theories of hardening, HI6. 

Lee iron-mine, near Port Henry, Bssox county, N. Y, (1491, 154. 

Lehigh UniverRity, South Bethlehem, Pa., luimher of Htudents In engineering 
coursea of, 703 e.f seq., 715 d seq, 

Lcobeu, mining school, 717, 726, 730. 

LrW3S, J. F. : The Ohkago Mm\, Dmhiage OhmneJt [xvid], 2BH. 

Lidgerwood travelling cableway, 307 et seq, 

Lidgoy, E,; report on Ballarat gold-deld«, Victoria, Australia, Iiy» 569 d seq. 
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Lillie (Bessemer) iron-mine, Marquette range, Mich , 549. 

Limestone, analyses of, 480. 

Little Deciper chalk-beds, Ark., 57. 

Little Pit iron-niinc, Barton Hill, Essex county, N. Y., 172 et seq. ; analyses of ore, 174. 

Little Pond iron-mines, Essex county, N. Y. [150]. 

Locke aerial dump, 331. 

T(()CKK, C E , and Eichards, K. H. : The SpH::histeti and Settling-Tanlc [xx], 249. 

Locke, piopoi’tions of Inass alloy given by, 499. 

Lone Jack iron-inine, Mesahi range, Minn [xxxv]. 

Lone Star Plaster Comx>any, Quaiiah, Texas, 510. 

Long Tunnel gold-mine, Walhalla, Victoria, Australia, 575 et seq. ; analyses of dike- 
and country-rock, 633 et seq.; analyses of mine- timbers, 603; examination of 
waters of vadoso region. 654 ; mine-waters, 605, 654. 

Longyear, E. J. : J^j:pl()rutions on the Mesahi Range [xxxii], 537. 

Loro, N. W , and Haas, F. : The Calorific Value of Certain Coals as Determined by the 
Mahler Calorimeter [xviii], 2.59; discussion, 946. 

Lord, Puoe. N. W., remarks in discussion of the paper by Mr. Haas and himself on 
the calorific value of certain coals, 959. 

Lover’s Hole iron-mine, Barton Hill, Essex county, N. Y., 172 et seq.; analyses of ore, 
174, 175, 

Lucy blast-furnaces, Pittsburgh, Pa., 11 etseq. 

Lucy (McLomber) iron-mine, Marquette range, Mich., 549. 

Lynn gold- and silver-mine, Galena district, S. Dak., 228. 

MacArthiir-Forrcst process (cyanide) of gold-extraction [461], 823 et seq. 

^Magnetic and electric relations of various forms and conditions of iron, 900 et seq. 

Magnetites of Port Henry and Mmevill'c, N. Y. : analyses of, 154 et seq. ; bibliography 
of region, 201; chemical composition of ores, 173; geological relations of oies, 
176 ; geology of^l46 et seq. ; mineralogy of mines, 195; non-titaniferous oies, 154; 
origin of, 190; topography of region, 148; trap dikes, 153. 

Mahler calorimeter, 259, 94(). 

Mahoning coal, Ohio, analyses and calorific power of, 267, 948 et seq 

Mahoning Company’s iron mines, Hibhing, Mesabi range, Minn., 384. 

Malaguti and Durocher, discovery of silver in sea-water by, 612 et seq. 

Manganese, occurrence of oxides of, in mining districts, 509. 

Manganese-Deposits of the Deparhnent of Pammid, Rejyubllc of Colombia (Ciixbas) [xx], 63. 

Manganese iron-mine, Mariiuette range, Mich., 550. 

Manganese mines: Colombia: Panama; Carraho, La Guaca, Nisporo, Soledad and 
Viento Frio, 63 et seq, 

Mangane.se-ores : analyses of, 08, 69; deposits of Colombia, S. A., 63 et seq.; exports 
from Colombia. S. A., 70. 

Mangam‘se-8teel, 849 et seq. 

Maria gold-mine, Thames district, New JZcaland ; analyses of country-rock, 659; ex- 
amination of waters of vadoso region, 654 

Marine and coast sediment, precipitation of gold in, 615 etseq. 

Marquette Irou-oro, analysis of, 481. 

Marquette iron-range, Mich.; analyses of ores, xlvii ; discovery of ore, 545; early 
mining methods, 552; geology of, 542; iron-mines of, 541 et .seq.; ore-bodies, 542; 
price of ore at Lake Erie ports, 554 ; shipments of ore, xlv, 521 et seq., 547 et seq. 

Marquette Eauge.-Sts Discovery, Devclopneni and Resources (Joi'LiNG) [xxxii], 541. 

Martensite a constituent of steel, 847 et seq. 

Martha gold-mine, Thames district. Now Zealand, examination of waters of vadose 
region of, 654, 

Maryland : blast-furnaces, 5 et seq.; investigation of water-supply of, 467, 472. 

Maryland Bteel Company, Sparrows I'oint, Md., handling of material at blast-fur- 
naces of, 5 el seq. 
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Massachusetts Institute of Technology, number of students in ensinecnus courses 

of, 707 et seq seq. 

Maynard, George W.; The Chromite- Deposits oh Fort an Fort Ho>/, NewfoimiUaiKl 

[xx], 283. 

McComber (Lucy) iron-mino, Marquette range, Mich. [549]. 

McMyler levolving derrick, 307 et seq 

Meetings of the Institute: iii Chicago (annual), February, 1897, xvii ; Lake Sui^orior, 
July, 1897, XXX ; list of, from organization to Fcbniiiry, 18‘)8, viii. 

Members and Associates : deaths of, xxii election of; at Cliicago, February, 1897, xxv ; 
by mail, April 1897, xl , July, 1897, xl ; November, 1897, 1. ^ 

Menominee iron-range, Lake Superior region [551]; analyses of ores, xlviii ; statis- 
tics of shipments from, xlv, 521 ef seq 

Mesabi Friend iioii-mine, Marquette range, l\rieh , 519. 

Mesabi iron-range, Mum., 344 et seq,, 357 [551], analyses of on's, xlvi , drills in use, 
5.37; iron-inines of, xxxv, xliv, xivi, 357 ef seq , .535 ef seq. ,* nu'thoJs of mining, 
529 et seq , 537 et svq. ; inilling-.systein of mining, 532 ; orO'bodii‘s, 529, 537 , statis- 
tics relating to iron industry of, xliv, 521 et seq ; visit to, x\x\. 

Metallurgy: cyanide process. ,821 ; of the gold- and silvcr-oros ol the Hlaek Hills, S. 
Dak., 422; recent improvements in, 452. 

Methods of IrourMiiiing mNoiihoii Minnesota (Denton) [xix], 31 1. 

Metropolitan Iron and Land Company, operations of, on Hogohm iron -range, 557. 

Mexico, tin-deposits of, 428. 

Mioliigamme iron-mine, Marquette range, Mich., 519, 

Michigan: Agricultural College, 70() c/ .srq., 715 c/ ,svv/. ; blast-furiiaoe.s, ool ; (‘oneim- 
tration-works, 79; copjier-mines, 351, *15(8; gold-miiu'.s, investiguliun oi 

water supply, 468 ; iron-miues, 311 et seq., 400, 511 et seq., ,557 et seq. : iron-niugi'rt, 
.521 etseq, 541 et.seq., 556; slate (piaiTies, 555; value of annual output of mines 
and mineral industries, 698; visit to Houghton county copper-mim^, xwiv. 

Michigan Colleqe of Mims (WADSWOiiTir) Iwxij, (>96. 

Micliigaii College of Miac.s : course of instruotion, number of .studmits, ele., vm et seq., 
712 et seq. ,* visit to, .xxxiv. 

Michigan gold-mine, MarcLuette county, Mich., 5,55. 

Microclinc (see fe]d.spars). 

Micro sti'aoini'6 of Steel and the Current Theories of Hardening ((HseuHsion of .Mr. Kau- 
vour’s paper, sco vol. xxvi, 863) Ixix], 816. 

Mikado iron-mine, (3rogohic range, Mich., .563. 

Mill-cindcr, analysis of, 4H1. 

Miller Pit iron-mine, Minovilic, Essex county, N. Y., 158 et seq . ; aiiulysis id’ ore, 

173. 

Mill-scalo, analysis of, 4H1. 

Milwaukee, iron-mine, Marquette raiig<‘, Mieh., ,5,50. 

MineHhm (ICkllv) (xxxii], 400. 

Mine La Motto coneentruti()n-\V(>rk.H, Madison county, Mm, 79, 

Mineralogy of iron-mines of Eksc.x county, N. Y,, 195. 

Jvtinemlsin country-rocks of Australian gold-ni‘ld.s, 592, <i50 et seq, 

Mino-timhors, analysics of, for gold, 603. 

Mincville iron-mines, Essex county, N. Y. |149l, 156 etseq. 

Mine-waters: cause of acidity iu, 599, (JOO: examination of, f>5l; seareh for gohl in, 
(iOl, f)(H. 

Mining: iron in iiortheni Minnesota, ,344; inethmls of, on tlm McHahi iron«nuige, 
Minn.; 529 cf 537 cLicg, ; open-pit, on McHahi i ron- range, 357 c/ seq,: mnuit 
improvements in applianeoB, 452; Lak(‘ Huporior iron-ores, 342 et seq. 

Mining Methods on the Mesahi Range (lUri.EY) [x.xxiil, 529, 

Mining schools : course of iiusirnctiou, number of .students, etc., 696 *i seq., 712 et seq. : 
leading schools of the world, 71(5 
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Minnesota; hlast-fiiniaces [12]; iron-mines and miniii", xxxv et seq., 344 et seq., 535 
<i m}. : iron-ranges, 521 et seq., 529 et seq.^ 537 et seq. [551] ; visit to Mcsabi range, 
xxxv. 

Minnesota Iron Company’s iron-mines: in northern Minnesota, 345 et seq ; visit to 
Sondan mines, xxxv. 

Minnesota iron-mine, Sondan, Vermilion range. Minn., 345. 

Minnewawa iron-mine Gogebic range, Mich , 560. 

Missouri : concentraticn-works, 79, School of Mines, 702 et seq , 715 et seq. 

Mitchell iron-mine, Maiqiiette range, Mich. [549]. 

Mixkr (biARLRS T , and Dubois, Howard W. : Notes on the Dete) mination of Insolithle 
Phosphorus in Iron-Ores [xix], 141. 

Moanataiari Tunnel gold-mines, Thames district. New Zealand. 587; analysis of 
country-rock, 646 et seq. 

Moissan, iiroduction of diamonds in cast-iron by, 853. 

Molylidonito, occurrence of, in Essex countv, N. Y., iron-mines, 19,9. 

JMontana* concentration- and reduction-works, 79 ; investigation of water-supply, 
471, 473. 

Montreal iron-mine, Gogebic range, Mich., 559, 978. 

Mountain Iron iron-mine, Mcsabi range, Minn,, 360 [536] ; visit to, xxxvi. 

Muntz brass, 496, 505, 

National iron-mine, Marquette range, Mich., 544, 550. 

Neliraska, investigation of water-supply of, 469, 474. 

Negauneo iron-mine, Marquette range, Mich., 549 et seq. 

Neiithoni gold-field, Otago, Now Zealand, 606. 

N(‘vada, investigation of water-supply of, 471, 475. 

Nt'W lied iron mines, Barton Hill, Essex county, N. Y,, 172 et seq.; analysis of ore, 
175. 

New Chum Ibiilway gold-mine, Bendigo, Yietoria, Australia, 566 et seq.; analyses of 
deep country-rock, 622, (>60; mine-waters, 605. 

Nkwkll, F. II, ; Inrestlqation of IVafer-Suppb/ [xxK.ii], iGo. 

N(‘W England, investigation of water-supply of, 467. 

N('w England iron-mine, Marquette range, Mich., 550. 

New Era graders and wh eel-scrapers, 299 et seq. 

Nmvfoundland, chromite-deposits on Port au Port hay, 283. 

N(‘W M(‘xi(‘o, investigation of water-supply of, 471, 475. 

N<‘wport iron-mine, Gogebic range, Mich., 560 [978]. 

New York: hlast-furuaces, 16; investigation of water-supply in, 467; iron-mines, 
149 et seq. ; magnetites of Essex county, 146 etseq 
New York Hematite (Grand Central) iron-mine, Marquette range, Mich., 550. 

New York (York) iron-mine, Maiaiuotto range, Micdi., 550. 

New Z(‘aland : analyses of deep country-rock from auriferous areas, 581 et seq., 639 
el seq. ; examination of mine-waters of vadose region, 654; gold-fields, 581 c4 seq. 
Niagara Power Company, visit to power-house of, xxxiii. 

Nichols Pond iron-mine, Essex county, N. Y., 150. 

Nickel; iron-nickel alloy, H49; treatment and uses of, 464. 

Nickel -steel, 850 et seq. 

Nispero mangane.so-mine, Colombia, S. A., 63 et seq.; analyses of ore, 68. 

Nolan (Old and New) iron-mines, Essex county, N. Y. [169] ; analysis of ore, 173. 
Nonpareil (8t. Xjawrence) iron-mine, Marquette range, Mich. [550]. 

Norman iron-mine, Mosahi range, Minn, [xxxv, 535J. 

Norrie iron-mine, (Kigeliic range, Mich., 557, 560. 

North (Carolina, investigation of water-supply of, 468, 473. 

North Champion (Hortense) iron-mine, Marquette range, Mich,, 550. 

North Dakota, investigation of water-supply of, 469. 

Northern Connected gold and silver district, Black Hills, S. Dak., 406. 



1024 


INDEX. 


Northern Star Company’s gold-mine, Ballarat, Victoria, Australia, 57:2; analyses of 
country -I'ock, 628, 662; analyses of mine-timbers, 60:1. 

Nortli Phoenix gold-mine, Gympie, Queensland, Australia, 580; analyses of d(*ep 
country-ioclv, 637, 653, 664. 

North Pit iron-mine, Barton Hill, Essex county, N. Y., 173 rt mj. ; analysis ol 
ore, 174. 

Norway pine beams, tests on built-up, 737, 793. 

Norwood iron-mine, Marquette range, Midi , 550. 

Notes 0% the Determination of Itisolnihi PhospJwnis m Iron-Ores (MlXKii and HuBois) 
[xix], 141. 

Notes on the Northern Dlaeh IliUs of South Dalota (Fbakku) [xx], 201. 

Notes on Six Months' Wotking of Dover Fnniace, Canal Doeer, Ohio (Ukmsm) [xxxii], 
477, 

Notes on the Tin-Deposits of Mexico (Ingalls) [xxxi],42S. 

Obalski on the ebromite-deposits of Port an Port bay, Newfoundland, 2.83. 

Odanah iron-mine, Gogebic range, Mich [978J. 

Odell iron-mine, Essex county, N. Y. [150]. 

Officers of the Institute for 1897 and 1898, vii ; election of, February, 1897, xx. 

Ogden iron-mine, Sussex county, N. J., treatment of ore at, 457. 

Ohiiiemuri gold district, Thames, New Zealand, analyses of vndose nuintry-roek of, 
611, 659. 

Ohio, investigation of water-supply of, 468. 

Ohio iron-mines, Me-sabi range, Minn, [x\xv]. 

Old Bed (Sanford, Mine 23) iron-mine, Moriah, ICssex county, N, Y., 157, 166 ef 
seg. ; analysis of ore, 173. 

Old North Pit iron-inino, Barton Hill, Essex county, N. Y., 172 c/ srg. ; analysis of 
ore, 174. 

Olive gold- and silver-mine, Black Hills, S. Dak., 421. 

Oliver iron-mine, Mc.sabi range, Minn, [xxxv], 361, 

Omaha-Grant smelting-works, Omaha, Neb., visit to fxxxviii]. 

“ISO” gold-mine, Bendigo, Victoria, Au.'^tralia [.566]. 

Onogaming Club House, Lake Linden, Mich., visit to, xxxiv. 

O’Neill iron-mine, Essex county, N. Y, [1.19], 171 et seq. 

Open-pit mining on Me.Habi iron-range, .357 ef mp 

Orchard Pit iron-mine, Barton Kill, Essex county, N. V,, 173 rf seq. : nnnlysiH uf 
ore, 174. 

Oro-OTUshers in Minnesota iron-mines, 350. 

Ore-deposition, theories of, 595 et seq, 

Oro-docks, Lake Hnperior region, capacity and record of, xlix, 518, 

Ore-dressing: sorting Ixifore .siting, 76 vt seq. : hpitxkusteii ami HidlliiiKdank, 219, 

Oregon, investigation of water-.supply of, 471, 476. 

Oi'o-mixtiUTs at Dover funuice, Ohio, 484. 

Origin of iron-ores of Port Henry and Minevillc, N. Y., 190. 

Origin and Mode of Occurmm of the fAike Superior ('upper* Depomts ( WAimwnHTiO 
[xxxi], 669, 

Osceola concentration- works, South Lake Linden, ILmghton county, Mirh., 79. 

Oscoola copper-mine, Houghton county, Mich. (69.3}. 

Osmond, P., coimnunication in discuHsion of Mr. 8auvmjr''« paper on the micro- 
structure of stool and theories of hardeuiiig, H76. 

Otago gold-fields. Now Zealand, 5B1 H analyses uf cuuntry«r«ck, 639 H mq.; 
quartzi-folia in nnea-sohists, 5B2, 639. 

Oiitorbridge, A. E., Jr., report on work of, by CJommittcc on Hcionca and the Arts of 
the Franklin Institute, 1005. 

Pahst iron -mine, Gogebic mngo, MieIu,nfi0, 

Paoicaed, Gjgoeoe a., remarks in discuasbu of the cyanide process^ H45. 
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Pulins ir<>u-innu\ Gof^t'bic ran ero, Mich., 549, r)G'2 [978]. 

Pans, IG’niaa', National 8(‘,1 h)o 1 of Mines, 717, 720. 

Paseoe iroii-iniiKN Marquette range, Mich., 550. 

P<‘niTe turr(‘t- furnace, 100. 

IN'ailyh^ a c<)nhtituent of steel, 851 et seq. 

Pcas«‘ iron-mi ms nea,r Port Henry, Essex county, N. Y. [149], 150. 

P{4aian-(’l(‘ri<*i process (cyanide), 823 et seq 
P<‘nc<' iron-mims (h><;<‘hic range, Mich., 559, 978. 

Pcndill iron-minc, Marquette range, Mich., 550. 

Penn Iron and Goal (Minpany, hhiKt-furnace practice of, at Canal Dover, Ohio, 477 
et .SV7/. 

Pennsylvania: blusi-fu maces, 8 ei seq., 453; investigation of water-supply of, 467, 
472. 

P<u\nsylvunia Stiad Company, transfer-car and ladle used by, 30. 

Pcnros<s U. A. F., ,hs, on the (diemical relation of iron and manganese, 74. 

Pi'rcy on brass alloys. 500, OOth 

Pers(n'eranc<‘ gold- and silver-mine, Black Hills, S, Dak., 420. 

Plnciux {‘opper-mimq Rewcenaw county, Mich. [093]. 

Plnenix (Dalliba) iron-mine, Mar<pie,tte range, Mich., ,550. 

Phosphorus, det mum nation of insoluble, in iron-ores, 141. 

/Vn/.sics of ('asf^lmi (continued diseussion, see vols. xxv and xxvi), 1005. 

Pig-iron : analyseH of, 215 ef seq.; improvements in production of, 453; method of 
casting .sand-fiH'c, 32 et seq.; production of diileront grades, ,524 ; sulphur in, 243. 
Pilfiu'sliirc iron-mine, near Port Henry, Essex county, N. Y. [149], 156. 

Pilgrim gold and .siUuu'-iniiKq Black Hills, S. Dak, [421]. 

Piomuq* blast *funiac(‘ (charcoal), Negauuee, Mich., 551. 

Pioneiu’ blast -furnneeK, Thomas, Ala., filling-apparatus in use at, 12. 

Pionem* iron-minc, Vermilion range, Minn., 357. 

Pit4.Hhurgli coal, Pa., analyses ami calorific power of, 266 et seq., 948 et seq. 

Pittsburgh and hake Angeliiio Iron Company’s iron-mine, Marquette range, Mich , 
515). 

Pittsburgh and hakeHupmuor (Volunteer) ii'on-mine, Marquette range, Mieh. [,549]. 
Plaster; annl.VHi.s of, from the pyramid of Cheops, Egypt, 509; technology of cement-, 
5(1H et seq, 

Platt iron-mine, ]\tnr(iU(dte rnnge, Mich*, 5,50. 

Plumas gold-mimq Plumas comity, Cal. (10031. 

Piummatic hoists for hamUitig hlaHfc-furnuco material, 8. 

Po(*ahoutaH coal, W. Va., aualyscH and calorific power of, 267 et seq., 948 et seq. 

Port Hmiry Iron Ore Company's iron-mines, Essex county, N. Y., analyses of ores, 
173. 

Portland emuent materials of Arkansas, 54, 59. 

Portland I^Uning Company’s gold- and silver-minos, Black Hills, S. Dak., 421. 

P(>ts(titm of ike BUtek JliUs of Bouih Dakota (Bmitii) [xxxi], 404; Postscript, 

42H. 

Potsdam sandstoiu's of Lake Superior region, 083, 

Potts iron-minc, Essex county, N. Y., analysis of ore, 173. 

Preelpliatmn of (fold hp Zinc- Thread from Dilute and Foul Chjanide Solutions (.Tames) [xx], 
278. 

Premier gold-mine, Mactd'own, Otago, Now 55ealand, 583 et seq.; analyses of country- 
rm^k, 642, 657, 666; analysis of mine-timbers, 603; analyses of quartz-folia, 639; 
examination of waters of vadose region, 654; mine-waters, 605, 654, 

Prince Kegcnt gold-mine, Ballarat, Victoria, Australia, 569; analyses of country- 
rook, 626. 

PrineeUm gold-mine, Mariposa county, Cal. [1003], 

Prince of Wales iron-minc, Marquette tango, Mich, 544 [549]. 

Proceedings of Meetings (see Meetings). 
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Production of iron-ore in the United States and foreisfii countries, 521 et seq 
Progress gold-mine, Peeftou distiict. New Zealand, 584; analyses of deep country- 
rock, 645. 

Propylite from Moanataiari Tunnel gold-mines, New Zealand, analyses of, 646. 
Prospecting work, use of hand-auger and haiid-drill in, 123 
Publications of the Institute, x. 

“ Pug,” or soft clay, of Australian gold-mines, 571 et seq. ; analyses of, 622 et seq. 
Pumping-plant of Minnessota Iron Company, 348. 

Puritan iron-mine, Gogebic lange, Mich., 562. 

Pyroxene, occurrence of, in Essex county, N. Y., iron-mines, 199. 

Quality of the Boiler-Wnier Supply ofaFoition of Northern Illinois (Cahney) [xix], 130. 
Quartz crystals in Essex county, N. Y., iion-mines, 199. 

Quartz-folia from mica-schists of Otago gold-field, New Zealand, analyses of, 582, 639. 
Quartz-veins (auriferous) of Australian gold-fields, 566 et seq. 

Queen iron-mine, Marquette range, Mich., 544, 549 et seq. 

Queeusland, Australia: analyses of country-rocks, 637 et seq. ; gold-fields, 577 et seq, 
Quincy concentration-works, Hancock, Houghton county, Mich., 79. 

Quincy copper-mine, Houghton county, Mich. [693], visit to, xxxiv. 

Eail-specifications, brief note on, 139. 

Eail-steel, effect of heat- treatment on carbon, 868. 

Bauds, W. H., on the Gympie gold-field, Queensland, 577. 

Eankine’s built-up wooden beam [736], 749 et seq 
Eapxd City, S. Dak., visit to, xxxviii. 

Eaymond, E. W. : Biographical Notice of Alexander TnjjpcZ [xviii], 238; Biographical 
Notice of JPeter Bitter ron Tanner [xxxi], 414; A Decimal Gauge for Wiie and Sheet- 
Iron [xx], 272. 

Eeduction-works (see also chlorination-woiks, smelting-works, etc ) : Montana: Silvor- 
bow county ; Butte Eeduction Company, 79. 

Eeefs (quartz-veins) of Australian gold-fields, 566 et seq. 

Eeefton gold-field, Nelson, New Zealand, 584 et seq.; analyses of deep country-rock, 
645. 

Eeese, Aenold K. : Notes on Six Months^ Worhing of Dover Furnace, Canal Dover, 
Ohio [xxxii], 477. 

Eepiiblic iron mine, Marquette range, Micb., 544, 549 et seq. 

Eevenue Tunnel concentration-woiks, Ouray, Colo., 79. 

Eeverberatory furnace and retort for laboratory use, 430. 

Eex iron-ore, analysis of, 481. 

EichakdsE. H.,and Locke, C. E : The SpitsJcasien and Setfling-Tanh [xx], 219. 
Eichaeds, Eobeet H. : Sorting Before Siting [xx], 76. 

Eichmoiid iron-mine, Marquette range, Mich., 549. 

Exes. Heixeich : The Clays and Clay-Worhing Industry of Colorado [xxxi], 336 ; The 
Fullers' Earth of South Dakota [xxxi], 333. 

Eiverside iron-mine, Marquette range, Mich., 549. 

Eobeets-Austen, Peop. W. C.: remarks in discussion of Mr. Sauvour’s paper on the 
microstructure of steel and theories of hardening, 860; carburization of pure 
iron by contact with diamond by, 852. 

Eobins conveying-belts, 27. 

Eocky Comfort chalks-beds, Ark., 47. 

Eocky Mountain concentration -works, Gilpin county, Colo , 79. 

Eoe iron-mine, Essex county, N Y., analysis of ore, 174. 

Eolling Mill iron-mine, Marquette range, Mich., 550. 

Eopes gold-mine, Marquette county, Mich., production of gold and silver, 555. 
Eope-traraways for handling blast-furnace material, 16. 

Eoss-Hannibal gold- and silver-mine, Black Hills, S. Dak., 419. 
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Koyal Cement Plaster Company, Marlow, I. T., 511. 

Rubber-belt conveyors : Bates, 301 ; Robins, 27. 

Rules of the Institute, xii. 

Rust iron-mine, Hibbing, Mesabi range, Minn,, 384. 

Saddle -1 eefs of Australian gold-fickls, 566 et seq 
Saginaw iron-mine, Marquette range, Mich., 550. 

Saiiltn, Axel • The Handling of Mate) lal at the Blmt-Fm nace [xis], 3. 

St. Etienne, France, mining school, 717, 726. 

St. George gold-mine, Queensland, Australia, 581; analyses of deep country-rock, 
638, 653. 

St. Lawience (Nonpareil) iion-mine, Maiquette range, Mich , 550. 

Sal ilia Cement Plaster Company, Kan , 511 

Saline County I*laster Company, woiks of, at Gypsum, Kaii , 509. 

Saline Landing, Ark., chalk-deposits, 51. 

Salisbury iion-inine, Marquette range, Midi., 549. 

Sam Mitchell (Del. & Lackawanna) iron-mine, Marquette lange, Mich [550], 

Samson (Edwards or Argyle) iron-mine, Marquette lange, Mich., 550. 

Sanford (Old Bed, Mine 23) iron-mine, Moiiah, Essex county, N. Y., 157, 166 et seq.; 

analysis of ore, 173. 

Saratoga, Aik,, chalk-beds, 53. 

Sauveuk, Albert, remarks m discussion of his paper on the microstructure of steel 
and theones of bardening, 923. 

Scott, R G , remarks in discussion of Mr. Sauveui’s paper on the microstructure 
of steel and theories of liardeumg, 851. 

Sea-watci, methods of detecting gold in, 613 et seq. 

Secretary and Treasurer, financial statement of, for year ending December 31, 1897, 
xxi. 

Section 16 iron-mine of Lake Superior Iron Company, Marquette range, Mich., 544. 
Settling-tank, 249 et seq. 

Sheet-iron and wire, decimal gauge for, 272. 

Sherman iron-mine, Essex county, N. Y., 171. 

Shores iron-mine, Gogebic range, Mich., 558. 

Sideiite, occurrence of, in Essex county, N. Y., irou-mines, 200. 

Siemcns-Halske (cyanide) process [461], 830. 

Silver: determination of, in blister- and other grades of copper, 108 et seq.; examina- 
tion of constituents of crystalline and eruptive rocks for gold and, 589 ; in sea- 
watei’, 612. 

vSilver Age concentration-works, Idaho Springs, Colo., 79. 

Sil ver-lcad-miues South Dakota : Lawrence county ; Sitting Bull [427], 

Silver-ores, metallurgy of, 462. 

Sitting Bull silver-lead mine, Galena district, S Dak. [427]. 

Skip-lioists for handling blast-furnace material, 11 et seq. 

Slag-conveyer, Howden, 41, 

Slate quarries at L’Anse, Baraga county, Mich., 555. 

Slickensidcs in Now Zealand gold-mines, 584. 

Slime-tahles, 77 etseq., 249 et seq. 

Smelting- works (see also chlorination-works, stamp-mills, etc.) t Michigan: Houghton 
county; Lake Superior [xxxiv] ; Nebraska: Douglas county; Omaha-Grant 
[xxxviii] ; South Dakota: Lawrence county; Davy, 427; Deadwoood and Dela- 
ware, 421 et seq. 

Smith, Frank Clemes: The Potsdam Gold-Ores of the Black Hills of South Dakota: 
[xxxi], 404; Postscript, 428. 

Smith, Haiiold D., remarks m discussion of Prof. Kidwells paper on the efficiency 
of built-up wooden beams, 988. 

Smith (Cbesire) iron-mine, Maiquette range, Mich. [549]. 
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Smuggler conceutratioii-works, Aspen, Pitkin county, Colo., /9. 

Societe John Cockenll iron-works, Seraing, Belgium [16]. 

Sodium dioxide, use of, in cyanide process, 853 et seq. 

Soledad manganese-mine, Colombia, S A.,63etseq 

Some Dike Features of the Gogebic Iroii-Fanqe (Boss) [xxxii], 556 ; discussion, 978. 

Some Statistics of Eugirieenng Education (Wadsworth) [xxxii], /12. 

Sonstadt’s methods of detecting gold in sea-water, 613. 

Sorby, Dr., microscopic study of metals by, 855 et seq. 

Sorting Before Sizing (Richards) [xk], 76. 

South Africa, cyanide process in the Transvaal gold-fields, 27S, 834, 

South Buffalo iron-mine, Marquette range, Mich., 544 [549J. 

South Carolina, investigation of water-supply of, 468, 473. 

South Dakota: chlorination-, smelting- aud cyan ide -works, 421 ef ; fullers’ earth, 
333; Black Hills, geology of, 204, 403; gold- and silver-mines, 213 et seq. ; gold 
and silver ores, 205 et seq.y^O^et seq.; investigation of water-supply, 469 ; visit 
to Black Hills, xxxvii. 

South Pit iron-mine. Barton Hill, Essex county, H. Y., 173 et seq. ; analysis of ore, 174. 

South St. Mungo gold-mine, Bendigo, Victoria, Australia, 667 et seq,; analyses of 
country-rock, 624, 625, 661. 

Sparta iron-mine, Gogebic range, Mich., 563. 

Spearman Iron Company, Sliarpsville, Pa., blast-furnace of [10]- 

Sperky, Erwin S.: The Influence of Lead on Boiled arid Drawn Brass [xxsi]. 485; dis- 
cussion, 977; remarks in discussion of Mr. Heath’s paper on the electrolytic assay 
as applied to refined copper, 962. 

Spilsbury, E. Gybbon: Xmprovemenis in Mtinng and Metallurgical AjypUances During 
the Last Decade (Presidential Address at Chicago) [sxv], 452. 

Sjgitzkasten, 76 et seq., 249 et seq 

Spitzkasten and Settling- Tank (Richards and Locke) [xx], 249. 

Split Rock iron-iuines, Lake Champlain, N. Y. [150]. 

Spuir iron-mine, Marquette Range, Mich., 550. 

Stamp-mills (see also chlorination-works, etc.): Michigan: Houghton county; Tama- 
rack [xxxiv] ; Montana : Lewis aud Clarke county; Drum Lummou, 1004 ; Coloni- 
Ha: department of Antioquia; El Silencio, 1005. 

Standard concentration-works, Wallace, Idaho, 79. 

Star West (Wheat or Home) iron-mine, Marquette range, Mich., 549. 

Statistics of engineering education, 712. 

Steel: carbon, 849 ei ; carbon rail-steel, effect of heat-treatment on, 868 ; changes 
of volume m hardening, 897; conditions aud reactions of carbon in, 886: harden- 
ing, current theories of, 846; heat-treatment of, 846 et seq. ; hydrocarbons pro- 
duced by dissolving, 871 ; improvements in metallurgy of, 455; inteimal strains 
in hardened, 862; limits of microscopic study of, 865; manganese-, 819 et seq., 
905; microstructure of, 846; nickel-steel, 850 et seq.; nomenclature of micro- 
constituents of, 855, 858, 923; part played by carbon, 902; products of bolution, 
870; relation of hardness to structure, 881 ; tool-stoel, heat-treatment of, 808. 

Steel-works: Illinois: Cooke county; Illinois Steel Company, 16; St. Clair county; 
Vulcan [10] ; Will county; Joliet [10], 

Steiglitz, Victoria, Australia, gold distinct, 573. 

Stelzner, A. W., on the study of ore-deposits, 621. 

Stemwiuder concentration-works, Wardner, Idaho, 79, 

Sterling (American) iron-mine, Marquette range, Mich. [550]. 

Stewart gold- and silver-mine, Lawrence county, S. Dak., visit to, xxxviii, 

Stockman process for special grades of steel, 457 

Stripping or open-pit mining-system on the Mesabi iron-range, Minn., 530. 

Sulman cyanogen-bromide process, 826. 

Sulphur m Emhreville Big-Iron (Johnson) [xix], 243. 

Sunday Lake iron-mines, Gogebic range, Mich,, 563. 
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Superior iron-mine. Gogebic range, Mich , 560. 

Swanzy iron-imue, Marquette lange, Mich.. [549]. 

Sweden, cost of mining in Bersberg iron-mines, 553 

Talbot, Benjamin, desiliconizing process invented by. 455. 

Tamarack copper-mine, concentration- works and stamp-mill, Houghton county, 
Mieh., 79 [693] ; visit to [xxxiv]. 

Tamarack-Osceola Copper Manufacturing Company, visit to works of, at Dollar Bay, 
Mich, [xxxiv]. 

Tam O’Shanter gold-mine, Steiglitz, Victoria, Australia, 573: analyses of country- 
rock, 632 

Tap-hole closing machine, Vaughen, 3*2. 

Tap-hole drill, Baker, 32. 

Taylor iron-mine, Marquette range, Mich., 550. 

Teal Lake Iron Company’s iron-mines, Marquette range, Mich. [549]. 

Technical Club, Chicago, 111., lecepti^ii of Institute by, xxvii. 

Technology of Cement Plaster (Wilkinson) [xxxii], .503. 

Teffts iron-mine, Essex county, N. Y., 157, 169 et seq.; analysis of ore, 173. 
Tennessee, investigation of water-supply of, 468, 473 

Tests: of built-up wooden beams, 737 efseq. ; of rolled and drawn brass, 489 et seq. 
Texas: gypsum deposits, 510; investigation of water-supply of, 470, 475. 

Thacker coal, W. Va., analyses and calorific power of, 267 et seq., 948 et seq. 

Thames (Hauraki) gold-field, New Zealand, 585 et seq. 

Thomas patent furnace-filling apparatus, 12. 

Thuiston, proportions of brass alloys by, 498. 

Tildcii iron-mine, Gogebic range, Mich., 562. 

Tilden iron-ore, analysis of, 481. 

Timber used in iron-mines of Marquette range, Mich., 553. 

Tin-deposits of Mexico, 428. 

Tin, effect of, on brass, 487. 

Tin-mines Mexico : Durango ; Diablo, 428. 

Tipperary gold-mine, Otago, New Zealand, 582 et seq.; analyses of country-rock, 
640, 644, 657, 665, 666 ; analyses of mine- timbers, 603 ; analyses of quartz-folia, 
639: examination of waters of vadose region. 654; mine-waters, 605, 654. 

Titan iron-mine, Marquette range, Mich., 650. 

Titanitc, occurrence of, in Essex county, N. Y., iyon-mines, 200. 

Tool-steel, heat- treatment of, 868. 

Topography: of Black Hills, S. Dak., 210, 406; of Colombia, S. A., 70; of Port Henry 
and Mineville, N, Y., iron-ore region, 148. 

Tower iron-mine, Essex county, N. Y. [168]. 

Tower, Minn , session of the Institute at, July, 1897, xxxii. 

Transfer-car and ladle used in steel- and iron-works, 30. 

Trap dikes of magnetite regions, Essex county, N. Y., 153. 

Trippel, Alexander, biographical notice of, 238. 

Trojan gold- and silver-mine, Black Hills, S. Dak. [419], 420. 

Tunnel Hill iron-mine, Essex county, N. Y. [150]. 

Tuniier, Peter Ritter von, biographical notice of, 444. 

Two Harbors, Minn., visit to ore-docks at [xxxv]. 

Uebling machine for handlingand casting blast-furnace metal, 32 et seq. 

Union Hill gold- and silver-mines, Galena, S. Dak , 213 etseq. 

United Albion gold-mine, Steiglitz, Victoria, Australia, 573 ; analyses of country- 
rock, 631, 663. 

United States: investigation of water-supply of, 465 et seq.; number of students in 
engineering courses at colleges in, 708, 718 et seq. 

United States standard gauge, 272 et seq. 

Utah, investigation of water-supply of, 471, 475. 
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Yarlose mine-waters, acidity of, 600, 654. 

Tadose regions of Australasian gold-fields, 595 et seq. ; analyses of country-rocks, 609, 
655 et seq. ; examination of mine-wateis of, 654 
Taaghen tap-hole closing machine, 32 
Yeins and copper-doposits of Lake Superioi* region, 691. 

Vermilion iron-range, Minn. [551] ; analyses of ores, xlvi ; iron-mines of, xliy, xlvi 
345 ei seq ; statistics relating to iron industiy of, sliv, 521 et seq 
Yietoria, Australia, gold-fields : analyses of deep country-rock, 566 et seq , 622 et seq ; 

examination of mine-waters of vadose region, 654. 

Yiento Frio manganese-mine, Colombia, S. A., 63 et seq. 

Yiiginia, investigation of water-supply of, 467. 472. 

Yoo't, J. H. L , on the formation of iron-ore bodies, 194. 

Yoruliteer (Pittsburgh and Lake Superior) iron-mine, Marquette range, Mich., 549. 
Yulcan steel-works, East St. Louis, III. flO]* 

Wadsworth, Dr- M. E : The Michigan College of Mines [xxx], 698; The Origin and 
^ Mode of 'occurrence of the Lake f^uperioi Copper-Deposits [xxxi], 669 ; Some Statis- 
tics of JEnghieennq Education [xxxii], 712. 

Waldei’s Pit iron-mine, Baiton Hill, Essex county, H. Y., 172. 

Walhalla gold-field, Gippsland, Yictoiia, 574 et seq.; analyses of country-rock, 635, 
655; comparison of yield of deep country-rocks with those of vadose region, b67, 
666 . 

Washington, Ark., chalk-beds, 55. 

Washington, investigation of water-supply of, 471, 476. 

Washington (Humboldt) iron-mine, Marquette range, Mich. [549]. 

Wasson’s Pit iron-mine, Barton Hill, Essex county, K. Y., 172. 

Waters (see also mine- waters) : analyses of, 131 et seq. ; steam boiler supply of north- 
ern Illinois, 130. 

Water-supply of the United States, investigation of, 465. 

Wealth of Nations gold-mme, Eeefton district, New Zealand, 581 ; analyses of deep 
country-rock, 645. 

Webster iron-mine, Marquette range, Mich., 550. 

Weeks, Joseph D., biographical notice of, 231. 

Weimer gondola cinder-car, 39. 

Weimer Machine Company, Lebanon, Pa., skip-hoist designed by, 12. 

Welch iron-mine, MineviUe, Essex county, N. Y., 157 et seq. 

Welcome gold- and silver-mine. Black Hills, S. Dak. [416]. 

Welcome Mining Company, Black Hills, S Dak., 421. 

Wellman mechanical charging-machines [455]. 

Wellman, S. T , postscript to biographical notice of George W. Goetz by, 441. 

Wells; analyses of waters of, 135; sections of, bored in Arkansas chalk-deposits, 48 
et seq. 

Wells, Prof. J. C S., on the cyanide process, 826. 

Werner ite, occuiuence of, in Essex county, N. Y., iron-mines, 200. 

West Eepublic iron-mine, Marquette range, Mich., 550. 

West Virginia, investigation of water-supply of, 467, 472, 473. 

Wetmore (Imperial) iron-mine, Marquette range, Mich. [549]. 

Whan gold-mine, Thames district, New Zealand, examination of waters of vadose 
region of, 654. 

Wheat (Star West, also Home) iron-mine, Marquette range, Mich. [549]. 

Wheeling (Davis, also Grand Eapids) iron-mine, Marquette range, Mich. [550]. 

White Cliffs chalk-beds, Ark. [44], 50. 

White, Peter, on early days of the Marquette iron-range, 547. 

Wilkinson, Paul : The Technology of Cement Fluster [xxxii], 508. 

Wilson, E. B., remarks in discussion of the cyanide process, 821, 

Wind Cave, Black Hills, S. Dak., visit to, xxxix. 
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Windsor iron -mine, Gogebic lange, Mich , 560. 

Winslow, Aethue, remarks in discussion of Di Don^ genesis of cei- 

tairi auriferous lodes, 999 
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